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NEW DETERMINATIONS OF CARBON DIOXIDE IN WATER OF THE GULF 

OF MEXICO. 



By BooEB C. Wells. 



INTRODUCTION. 

Although the carbon dioxide in sea water 
is the subject of a very extensive hterature 
and many determinations of it have been 
made, recent advances in geochemistry have 
brought out new relations that require further 
determinations in order to show the con- 
nection, if any exists, between the history of 
the water, its temperature, its geographic 
location, the hfe it contains, and its saturation 
with calcium and magnesium compoimds. In 
1914 Clarke and Wheeler,* in a paper on crinoid 
skeletons, pointed out for the first time that 
the proportion of magnesium carbonate in 
crinoids is in some way dependent on tempera- 
ture. This observation led to the publication 
of a number of papers presenting facts and 
theories bearing on the subject.^ 

Even earlier the investigations of Vaughan ' 
on coral reefs and those of Branner * on the 
stone reefs of Brazil had led to the consideration 
of physical factors in the deposition of calcium 
carbonate in certain localities. Johnston has 
pointed out that the deposition of calcium 
carbonate by organic agencies may be closely 
related to the inorganic factors that determine 

1 Clarke, F. W., and Wheeler, W. C, The composition of crinoid 
skeletons: U. S. Oeol. Survey Prof. Paper 90, pp. 33-37, 1915. 

> Wells, R. C, The solubility of magnesium carbonate in natural waters: 
Am. Chem. Soc. Jour., vol. 37, pp. 1704-1707, 1915. Johnston, John, The 
solubility-product constant of calcium and magnesium carbonates: 
Idem, pp. 2001-2020. Wells, R. C, The solubility of caldte in water 
in contact with the atmosphere, and its variation with temperature: 
Washington Acad. Sd. Jour., vol. 5, pp. 617-(Q2, 1915. Johnston, John, 
and Williaioson, E. J>., The complete solubility curve of calcium car- 
bonate: Am. Chem. Soc. Jour., voL 38, pp. 975-983, 1916. Johnston, 
John« Merwin, H. E., and Williamson, E. D., The several forms of 
cakium cau-bonate: Am. Jour. Sd., 4th ser., vol. 41, pp. 473-512, 1916. 
Johnston, John, and Williamson, E. D., The r61e of inorganic agencies 
in the deposition of caldnm cu-bonate: Jour. Geology, vol. 24, pp. 720- 
749, 1916. 

a Vaugtaan, T. W., The present status of the investigations of the origin 
of barrier ooral reefis: Am. Jour. Scl., 4th ser., vol. 41, pp. 131-135, 1916. 
See also Caroegie Inst. Washington Pub. 133, pp. 173-177, 1910; Pub. 182, 
pp. 69-78, 1914: Year Book 14, p. 222, 1916, and Pub. 213, p. 227, 1918. 

* Branner, J. C, Stone reels on the northeast coast of Brazil: Geol. 
Soc. America Bull., vol. 16, pp. 1-12, 1905. 



how nearly saturated the water is with respect 
to that substance. 

I have been enabled to make the determina- 
tions described in this paper through the inter- 
est and cooperation of T. W. Vaughan, of 
the United States Geological Survey, and 
H. F. Moore, of the Bureau of Fisheries. 
Mr. Vaughan pointed out the need of such 
determinations, particularly for American 
waters, and Mr. Moore authorized the collection 
of the samples, which were actually collected 
by W. W. Welsh and shipped in "citrate of 
magnesium" bottles to the chemical laboratory 
of the Geological Survey for analysis. It is a 
great pleasure to express appreciation for the 
assistance offered by all those who helped to 
make the study possible. 

There is no question that the water of the 
Gulf of Mexico is essentially similar to that 
of the open ocean. An analysis of the salts 
in water off Loggerhead Key, near Florida, 
made by George Steiger in the chemical labora- 
tory of the United States Geological Survey, is 
shown in Table 1, together with Dittmar's 
mean of 77 analyses of ocean water. 

Table 1. — Analyses of oceanic salts M 



CI.. 

Br. 

SO4 

CO, 

Na. 

K.. 

Ca. 

Mg. 



100.00 



55.24 


55.29 


.17 


.19 


7.54 


7.69 


.34 


.21 


30.80 


30.59 


1.10 


1.11 


1. 22 


1.20 


3.5$ 


3.72 



100.00 



a Clarke, F. W., The data of geochemistry, 3d ed.: U. S. Oeol. Survey 
Bull. 616, p. 123, 1916. 

1. Saltein water of Gulf bf Mexico; George Steiger,aiialy8t. 

2. Salts in ocean water, mean of 77 analyses; W. Ditt- 
mar, analyst. 

1 
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compare these figures with those obtained by 
other investigators. 

Dittmar gives only four determinations on 
surface waters that are comparable with these, 
and all of them involve determinations of the 
"loosely combined" carbon dioxide, which 
were made by J. Y. Buchanan by a method that 
is not generally considered to yield exact re- 
sults. However, they are as follows: * 



the total carbon dioxide is a little higher than 
in intermediate waters, for reasons that are 
discussed on page 11. The average for the 
bottom waters is 0.101; that for the inter- 
mediate waters is 0.095. 

Tomoe found the average in 78 analyses of 
sea water to be 0.096 gram of carbon dioxide 
per liter, and results of the same order were ob- 
tained by Natterer.' Ruppin' found in the 



Table 3. — Dittmar and Buchanan^ s determinatioru of total carbon dioxide in turf ace waters. 



Sample 
No. 



265 
1573 
1581 
1687 



Locality. 



South Atlantic Ocean, lat. 22*» \f/ S., long. 35*» 37' W. 
South Atlantic Ocean, lat. 23° 27^^ S., long. 13° 51' W. 
South Atlantic Ocean, lat. 19° 55' S., long. 13° 56' W, 
North Atlantic Ocean, lat. 21° 23' N., long. 31° 15' W 



Tempera- 
ture. 


°C. 
22.8 
25.1 
24.7 
22.8 



CO, 



Gram -per 

liter. 

0.106 

.099 

.093 

.092 



The results of the analyses of the 14 samples 
of Gulf water are in fair agreement with the 
four results of Buchanan's analyses of four 
samples of water from the surface of the 
open ocean. 



North Sea, at a depth of 5 meters, 0.091 gram 
of carbon dioxide per liter, and at 460 meters 
0.095 gram. 

Estimates by Dole of the total carbon dioxide 
in the Gulf water at Tortugas are given on 



Table 4. — DittTnar and Biiehanan*8 determinations of total carbon dioxide in deep waters. 



Sample 
No. 



21 

66 

120 

283 

353 

378 

383 

(556) 

594 

791 

912 

1221 

1300 

678 

1270 

1313 

1356 

1388 

1405 

1438 

1494 

1697 

1707 



Locality. 



North Atlantic Ocean, lat. 23° 10' N., long. 38° 42' W 
North Atlantic Ocean, lat. 19° 41' N., long. 65° 7' W. , 
North Atlantic Ocean, lat. 32° 54' N., long. 63° 22' W 
South Atlantic Ocean, lat. 29° 35' S., long. 28° 9' W.. 

Indian Ocean, lat. 46^^ 46' S., long. 45° 31' W 

Indian Ocean, lat. 60° 52' S., long. 80° 2^ W 

Indian Ocean, lat. 65° 42' S., long. 79° 49' W 

South Pacific Ocean, lat. 14° 7' S., long. 153° 43' E... 
West Pacific Ocean, lat. 5° 24' S., long. 130° 37' E . . . 
North Pacific Ocean, lat. 11° 24' N., long. 143° 16' E. 
North Pacific Ocean, lat. 36° 23' N., long. 174° 31' E. 
South Pacific Ocean, lat. 32° 36' S., long. 137° 43' W. 
South Pacific Ocean, lat. 38° 7' S., long. 94° 4' W... 
West Pacific Ocean, lat. 5° 47' N., long. 124° 1' E.. . . 
South Pacific Ocean, lat. 39° 13' 8., long. 118° 49' E.. 
South Pacific Ocean, lat. 38° 6' S., long. 88° 2' E.... 
South Pacific Ocean, lat. 32° 50' S., long. 77° 6' W... 
South Pacific Ocean, lat. 42° 43' S., long. 82° 11' W.. 
South Pacific Ocean, lat. 48° 27' S., long. 74° 30' W.. 
South Pacific Ocean, lat. 52° 45' S., long. 73° 46' W.. 
South Atlantic Ocean, lat. 35° 39' S., long. 50° 47' W, 
North Atlantic Ocean, lat. 26° 21' N., long. 33° 37' W 
North Atlantic Ocean, lat. 32° 41' N., long. 36° 6' W. 



Depth. 



FathoTHS. 

B 2, 720 

B 3, 878 

B2,360 

1,000 

B 1,375 

B 1.260 

B 1, 675 

B2,450 

400 

B 4, 475 

B 2, 775 

B 2, 376 

B 1,500 

50 

B2,250 

B 1,825 

50 

B 1,450 

B345 

B245 

B 1,900 

B2,965 

400 



Tempera- 


ture. 


°C. 


2.5 


2.4 


2.8 


2.0 




2.2 


6.4 


1.8 


1.6 


1.7 


1.8 


25.4 


1.4 


1.8 


12.0 


2.0 


7.8 


7.8 


0.6 


3.1 


9.8 



CO,. 



Gram per 
liter. 
0.096 
.112 
.102 
.109 
.118 
.128 
.149 
.101 
.094 
.086 
.090 
.103 
.102 
.081 
.100 
.108 
.102 
.112 
.097 
.102 
.098 
.092 
.091 



The results obtained by combining the data page 2, but it shoidd be noted that Dole did 



of Dittmar and Buchanan for deeper waters 
are given in Table 4. Most of these were 
"bottom" waters (marked "B"), in which 

1 Challenger Rept., Physics and chemistr>', vol. 1, p. 215, 1884. 



not directly determine the total carbon dioxide. 

s Clarke, F. W., The data of geochemistry, 3d ed.: U. 8. Geol. Survey 
Bull. 616, p. 144, 1916. 

*Ruppin, E., Die Alkalinitiit des Meerwassers: Zeitschr. anorg. 
Chemie, vol. 66, p. 122, 1910. 
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Dole also obtained figures ranging from 0.055 
to 0.109 in Biscayne Bay, the lowest being 
for water in Featherbed Bank, at 26.4° C, and 
he concluded from the salinities that evapo- 
ration was going on in the shallow water of the 
bay at the time his samples were taken. This 
action should also be accompanied by a loss 
of carbon dioxide, as actually observed. His 
average for the total carbon dioxide is 0.084 
gram per liter. 

THEORETICAL AMOUNT OF CARBON DIOXIDE IN 

SEA WATER. 

If there are sources of carbon dioxide in the 
deep sea and the circulation of the water is 
slight, one niight expect, theoretically, to find 
very considerable concentrations of carbon 
dioxide in such water. The pressure of the 
water would hold far larger proportions of any 
gas in solution than could remain dissolved at 
atmospheric pressure or smaller partial pres- 
sures. As very little is known about the extent 
to which moving creatures transfer carbon 
dioxide from place to place, the regulation of 
the concentration at depth would appear to be 
governed chiefly by the supply of carbon diox- 
ide and by the rate of circulation of the water. 
At the sxirface, on the other hand, there is a 
tendency toward an equiUbrium between the 
water and the atmosphere in respect to carbon 
dioxide, which Schldsing believed to be the 
governing factor in determining the carbon 
dioxide content of the atmosphere. This 
equilibrium can be studied in the laboratory 
and the results compared with those obtained 
by observations made in different parts of the 
ocean. 

The equilibrium referred to may also involve 
the solution or deposition of calcium carbonate. 
A water in contact with calcium carbonate 
should theoretically dissolve more carbon diox- 
ide from the atmosphere than one without ac- 
cess to calcium carbonate, but my own experi- 
ments on this point indicate that sea water 
exposed to a normal atmosphere gives off car- 
bon dioxide at all temperatures above the very 
lowest, so that under siuf ace conditions sea 
water in and between the temperate zones must 
be regarded as saturated with calcium car- 
bonate. Therefore, laboratory experiments 
dealing with the equiUbrium at ordinary tem- 
peratures yield the same results in the presence 
and in the absence of calcium carbonate. 



In 1916 I performed two experiments with 
sea water to determine its total content of 
carbon dioxide at two definite temperatures, 
1^ C. and 28^ C, after prolonged agitation of 
the water with outdoor air, an excess of cal- 
cite also being present in the water. The mean 
partial pressure of GO, was 0.000318 atmos- 
phere, according to my determinations, and 
the two normalities found for OOj +HOO3 were 
0.00236 and 0.00196, respectively. The result 
for total CO, at 1° C. was 0.101 gram per liter, 
and that at 28° C. was 0.078 gram. These 
results agree essentially with those calculated 
by the formula of Fox,^ which gives 0.100 and 
0.075, respectively. 

Fox's formula, expressed in the terms used 
in the present discussion, is 

Total CO, (grams per liter)«na-|-p5 

where n=the normality of COj+HCOj, a = 
value given in Table 5, p» partial pressure of 
CO3 in atmospheres, and 6 rvalue given in 
Table 6. 

Table 6. — Valuu of **a** for a Bolution of normality V at 
different temperatures and partial pressures of CO 2. 



p- 


o^ 


2°. 


10**. 


16°. 


20^ 


28°. 


0.0002 


40.42 


40.08 


38.70 


37.69 


37.00 


35.64 


.0003 


42.09 


41.79 


40.58 


39.67 


39.07 


37.86 


.0004 


43.11 


42.83 


4L71 


40.87 


40.31 


39.19 


.0005 


43.77 


4a 51 


42.47 


41.69 


41.17 


40.13 


.0006 


44.37 


44 15 


43.24 


42.56 


42.11 


4L21 

1 



Table 6. — Values of '^6" for different salinities and tim- 

peratures. 

[Chlorine in gruna per thousand.] 



Tem- 












pera- 
ture 


C1=0. 


Cl=2. 


01=10. 


a=.i8. 


CI =20. 


r c). 















3.39 


a34 


3.16 


2.98 


2.93 


4 


2.91 


2.87 


2.69 


2.53 


2.50 


8 


2.53 


2.50 


2.34 


2,18 


2.14 


12 


2.21 


2.18 


2.07 


L96 


1.93 


16 


1.95 


L92 


L81 


L70 


L67 


20 


1.73 


1.71 


1.63 


L56 


1.54 


24 


1.54 


1.53 


1.47 


L42 


L40 


28 


1.38 


1.36 


L28 


1.21 


1.19 



1 Fox, C. J. J., On the coefficients of absorption of nitrogen and oxygen 
in distilled water and sea water and of atmospheric carbonic acid in sea 
water: Faraday Soc. Trans., vol. 5, p. 82, 1900. 
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COMPARISON OF RESULTS WITH EQUILIBRIUM 

CONDITIONS. 

We are now in a position to compare the de- 
terminations of the total carbon dioxide in 
the samples of Gulf water with those repre- 
senting equilibrium with the atmosphere. For 
this purpose I shall use 0.000318 atmosphere 
for the average carbon dioxide content of the 
atmosphere.^ The normalities required in the 
calculation were determined as described in 
succeeding pages and are stated in Table 10. 
The comparison is shown in Table 7. 



Other data than this comparison (see p. 5) 
incline me to the view that surface sea water 
is generally fully saturated with respect to 
atmospheric conditions; if so, there is some 
small constant error in the determinations or 
in one of the factors on which the comparison 
is based. The most interesting feature of the 
comparison is the fact that the deeper waters 
seem to be as near to an equilibrium with the 
atmosphere, for their temperature, as the sur- 
face waters. That being true, what is the 
source of their carbon dioxide ? It seems dijfi- 



Table 7. — Comparison of total carbon dioxide found in the Gulf rvaiera with that repreeenting equilibrium vrith the 

atmosphere. 



Sample 
No. 



2 
3 
5 

6 

7 

8 

9 

10 

11 

12 
13 

14 
15 



Locality. 



Lat. 29^ 38' N., long. 87** (X W 

do 

do 

do 

Lat. 29* 53' N., long. 87** 7' W 

do 

....do 

do 

do 

Lat. 30* S' N., long. 87* 12' W 

do 

4 miles northwest of Pensacola Light. 
do 



Depth. 


Temi)era- 
ture. 


Total COj 
found. 






Gram per 


Meters. 


*C. 


liter. 





18.9 


0.093 


50 


19.4 


.092 


150 


13.3 


.099 


210 


10.2 


.100 





20.0 


.092 


25 


20.1 


.092 


50 


19.6 


.094 


100 


18.2 


.100 


130 


15.8 


.098 





18.3 


.095 


20 


18.4 


.092 





16.7 


.088 


10 


16.4 


.092 



COjj for 

equilib- 

num. 



Gram per 

liter. 

0.094 

.098 

.099 

.100 

.095 
.094 
.098 
.098 
.009 

.097 
.097 

.091 
.097 



The agreement between the last two columns 
of Table 7 is striking. In content of CO, the 
Gxilf waters appear to be very nearly in equi- 
librium with the atmosphere — so nearly that 
the probable experimental error in the deter- 
minations of the normality of COg+HCOj 
would accoimt for a positive or negative differ- 
ence between many of the figures in the two 
columns. The same might be said of an error 
in the carbon dioxide content of the atmosphere 
used in the calculations or in the other factors 
entering into the comparison. From the data 
of Table 7 I do not feel warranted in concluding 
that any of the waters is either saturated or 
unsaturated with carbon dioxide imder atmos- 
pheric conditions, but all the samples are evi- 
dently very near the condition of equilibrium. 

1 The higher value, 0.000353, recently published by Kendall, is for 
laboratory air. See Kendall, James, The apedflo conductivity of pure 
water in equilibrium with atmosi^ric carbon dioxide: Am. Chem. 
Soc. Jour., voL 38, p. 1400, 1916. 



cult to account for this adjustment by assum- 
ing that portions of the water have come from 
cold regions where they were in contact with 
the atmosphere and have transported carbon 
dioxide all that distance. A portion of water 
in passing from the polar regions might lose 
and gain carbon dioxide a number of times 
before arriving in the Gulf of Mexico. Has the 
water of the Gidf of Mexico access to more 
immediate sources of carbon dioxide than the 
atmosphere? Where the facts are so sugges- 
tive it is natural to seek for some hypothesis to 
explain them, and the most plausible one 
appears to be that living forms either carry or 
supply the carbon dioxide necessary to main- 
tain equihbrium. 

Even Dittmar's results for carbon dioxide in 
the cold bottom waters of the ocean (Table 4) 
are approximately equal to the requirements 
for equihbrium with the atmosphere, although 
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a few of the individual determinations show 
variations in one direction or the other. Inas- 
much as the figures given by Dittmar include 
Buchanan's determinations and as the other 
factors on which the above comparisons rest 
are the work of many investigators, it must be 
admitted that the dose approach of these 
waters to equihbrium with the atmosphere is 
really remarkable, as is also the fact that this 
relation is found in waters as deep as 3,000 
fathoms. It seems as if organic agencies must 
contribute carbon dioxide to these deep waters, 
for it is difficult to see how currents in the ocean 
could possibly carry carbon dioxide from the 
surface in the colder regions to all the localities 
in the ocean that have been investigated and 
could produce by mere mixture samples ap- 
proaching so closely the requirements for equi- 
librium. Buchanan ^ writes on this point: 

Down to Dearly 2,000 fathoms life is still abundant; 
below this depth, however, the amount rapidly decreases 
till, at about 2,800 fathoms, it is, for carbonic acid produc- 
ing purposes, practically extinct. 

The preceding discussion suggests that the 
conditions maintained by organic and biochem- 
ical activity in the ocean correspond almost 
exactly with the physico-chemical conditions 
of equihbrium between sea water and a normal 
atmosphere at the temperature's involved. 

DETEBMINATION OF TOTAL CARBONATE AND 

BICABBONATE. 

The determination of total carbonate and bi- 
carbonate is sometimes referred to as that of the 
" alkalinity" and sometimes as that of the total 
base balancing carbonate and bicarbonate. 
Following Dittmar, investigators generally as- 
sume that there is no free base in sea water and 
that acid is consumed solely in setting free car- 
bonic acid from carbonate and bicarbonate. 
The determination mentioned was made by ti- 
tration with 0.02 normal sodium hydrogen 
sulphate. Methyl orange may be used as indi- 
cator, but the determinations were in fact car- 
ried out with paranitrophenol. The results 
obtained in titrating depend somewhat on the 
end point selected. The final reaction in the 
neutralization is 

NaHCOa -f NaHSO,=Na,SO,+H,CO, 

From this reaction it is evident that the in- 
dicator used should not give an indication for 
HjiCOa but for the first excess of NaHS04. 

1 Buchanan, J. Y., Roy. Soc. London Proc., vol. 22, p. 483, 1874. 



Although carbonic acid is commonly considered 
to exert no action upon methyl orange, it really, 
as has long been known, develops a marked 
shade of red, and .on this fact depends Kuster's 
method of titrating to the same shade as that 
produced in water saturated with carbonic 
acid.* His method gives correct results with 
relatively concentrated solutions of bicarbon- 
ates. In the present case, however, the con- 
centration of bicarbonate is very small and the 
solution is far from being satiu'ated with cbxbon 
dioxide at the true end point. After neutraliz- 
ing with acid sulphate there will be present 
about 0.0047 gram of CO, for 50 cubic centi- 
meters of sea water. Evidently, the proper 
end point is indicated by the color produced by 
this amount of CO, in the same volume of water 
as that finally present in an actual determina- 
tion. Experiment showed that this amount of 
CO, effects a scarcely perceptible change in 
methyl orange. If titration is carried to the 
first perceptible change in tint, or better, to a 
standard color produced by the amoimt of 
CO, known to be present, the acid used will 
correspond, as nearly as can be determined, to 
the total base balancing carbonate and bicar- 
bonate. 

In the hope of obtaining better results with 
some other indicator than methyl orange the 
behavior of paranitrophenol was studied. The 
indicator solution contained 1 gram in 250 
cubic centimeters of water. The tests made 
are shown in Table 8. 

Table 8. — Compariaotu of color in 60 cubic centimeter 

solutions in casseroles. 



Solution. 



la. DiBtilled water 

2a. Distilled water, 0.0047 gram 
CO,, 4 drope indicator. 



3a. Distilled water, 1 drop in- 
dicator. 

lb. Distilled water 

2b. A solution of neutral sea 
salts (prepared by neu- 
tralizing the carDonates 
in actual sea water with 
the calculated Quantity 
of acid and boiling out 
the carbon dioxide), 
0.0047 gram COj, 4 
drops indicator. 

3b. Distilled water, 1 drop 
indicator. 



Color. 



No color. 

Scarcely perceptible col- 
or at first; a faint color 
appears slowly on 
standing. 

Clearly perceptible color. 

No color. 

Scarcely i>erceptible col- 
or at fint; a taint color 
appears slowly on 
standing. 



Clearly perceptible color. 



> Kfister, F. W., Kiltische Studien sur volumetrlschen Bestlmmung 
von karbODathaltigen Alkalilaugen und Ton AUmlikarbooaten. 
Zeitschr. anorg. Chemie, vol. 13, p. 127, 1897. 
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The shades of color produced by the indica- 
tor were found to depend considerably on the 
quahty of the distilled water used. Freshly 
boiled water, after cooling, is perceptibly more 
alkaline than water as it comes regularly from 
the still or water that has stood in the labora- 
tory some time, on account of the difference in 
carbon dioxide content. Solutions made up as 
described under 2a and 2b were used as fur- 
nishing the standard color for the proper end 
point. For the greatest possible accuracy it 
would appear that the preparation of the stand- 
ard should be deferred until after the determi- 
nation of total COj. It is possible that better 
results could be obtained in Nessler tubes than 
in casseroles, but the glass of certain Nessler 
tubes was found to be rather too soluble for the 
purpose. No error seemed to be introduced in 
the very weak solutions of CO, under investi- 
gation by working in casseroles, and the color 
showed up well in diffused daylight. However, 
it is doubtful if the results obtained with para- 
nitrophenol were more accurate than those 
obtained with methyl orange. 

As nearly as could be determined the titra- 
tions were significant to about 1 per cent of the 
quantities being titrated, so that the combined 
normaUty of carbonate and bicarbonate in sea 
water ought to be determinable within 1 per 
cent by this method. Practically, however, the 
attainment of such accuracy would probably 
require a number of titrations on each sample. 



As the small samples of water available for the 
determinations recorded in this paper did not 
permit more than two titrations, and some 
samples only one, any single result is probably 
not nearer the true value than 2 per cent. 

The solution of NaHSO^ used for titrating 
the samples of sea water, to determine the total 
base balancing carbonate and bicarbonate, was 
standardized with a solution containing sodium 
carbonate and bicarbonate in essentially the 
same proportion and concentration as in sea 
water. In this way the conditions at the end 
point were similar in both the standardization 
and the determinations. The results obtained 
in the standardization are shown in Table 9. 

Ta3lb 9,— Standardization of NaHSO^ soliUion with solu- 
tions of NaHCO^ and NojCO^. 



NaHCOa. 


NaaCO,. 


NaHR04. 


Nonnality 

of 
NaHRO^. 


Gram. 
0.00794 


Gram. 
0. 00143 
.00143 
.00143 
.00143 
.00143 
.00143 


c.c. 
5.89 
5.87 
5.82 
. 5.81 
5.92 
5.86 


0.0206 
.0207 
.0209 
.0209 
.0206 
.0207 


.00794 


.00794 


.00794 


.00794 


.00794 


Mean 


.0207 









The results of the titrations are shown in 
the fourth column of Table 10. They are ex- 
pressed in terms of normality, a normal solu- 



Table 10. — Determinations of carbonate and bicarbonate in water from the Gulf o/^Mexico. 



Sample 
No. 


Locality. 


Tempera- 
ture (°C.). 


CO3+HCO3 
normality. 


HCOj nor- 
mality. 


COj nor- 
mality. 


1 


Lat. 25® 35' N., Ions. 80° 6-^ W 




0.00268 

.00239 
.00250 
.00242 
.00245 
.00245 

.00242 
.00239 
.00250 
.00249 
.00249 

.00245 
.00245 

.00230 
.00241 


0.0021 

.0018 
.0017 


0.0006 


2 


Lat. 29° 38' N., long. 87° O' W 


18.9 
19.4 
18.5 
13.3 
10.2 

20.0 
20.1 
19.6 
18.2 
15.8 

18.3 
18.4 

16.7 
16.4 


.0006 


3 


do 


.0008 


4 


do 




5 


do 


.0020 
.0021 

.0018 
.0018 
.0018 
.0020 
.0020 

.0019 
.0017 

.0017 
.0018 


.0004 


6 


do 


.0004 


7 


Lat. 29° 53' N., long. 87° 7^ W 


.0007 


8 


do 7! '..'. 


.0005 


9 


do 


.0007 


10 


do 


.0005 


11 


do 


.0005 


12 


Lat. 30° 5' N., long. 87° 12^ W 


.0006 


13 


do 7: 


.0007 


14 


4 Tnilefl northwest of Pencaoola T/ifirht. . . 


.0006 


15 


do 


.0006 




Mean, exclusive of No. 1 








.00244 


.00185 


.00058 
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tion being one containing 1 gram equivalent 
of reacting substance per liter — that is, as 
many grams as the molecular weight reduced 
to a univalent basis. As is mentioned on 
page 3, sample 1 had stood for most of the 
time from July, 1915, to April, 1917, in a green 
glass "acid'' bottle with some air space. The 
other samples were collected in January, 1917, 
preserved in bottles with practically no air 
space, and analyzed in April, 1917. Without 
doubt it would have been better if the titrations 
could have been made on shipboard immedi- 
ately after the samples were taken. The high 
value of the carbonates in sample 1 may be due 
to attack of the glass bottle. The figures for 
the other 14 samples may also be slightly high 
for the same reason, but if the difference be- 
tween sample 1 and the others represents the 
effect of standing in glass for 17 months, the 
correction for any one of the 14 results is only 
about 2 per cent of its value, a correction just 
about equal to the possible experimental error. 

DISCUSSION OF RESULTS FOR THE TOTAL 
CARBONATE AND BICARBONATE. 

Dittmar made determinations of the '' alka^ 
Unity" — that is, the combined carbonate and 
bicarbonate — in 130 samples of water collected 
on the Challenger} It was his opinion that the 
results were unaffected by long preservation of 
the water in glass bottles. The mean of all his 
determinations gives a normality of 0.00249. 
The mean for the Gulf waters, as shown above, 
is 0.00244. Ruppin obtained on shipboard in 
the North Sea 0.00238. Dole's figures for the 
water at Tortugas (p. 2) give a normality of 
0.00234. 

Now, as pointed out in the introduction, 
there is a need for study of the relation between 
the solubility of calcium and magnesium com- 
pounds and temperature. In 1915 I investi- 
gated the solubility of magnesium and calcium 
carbonates in pure water and determined the 
relation between the solubiUty of calcite in 
water in contact with the atmosphere and the 
temperature. (For reference see p. 1.) Fur- 
ther determinations seemed desirable for \ 
sea water, and such determinations have i 
now been made on a portion of the water [ 
collected at Fowey Rocks Light, outside ! 
Biscayne Bay, Fla. The water, in contact , 

1 Dittmar, W., ChaUenger Rept., Physics and chemistry, vol. 1, p. 124, 
18S4. 



with an excess of calcite, was agitated by a 
current of outdoor air for long periods at differ- 
ent temperatures, and the dissolved carbonates 
were determined by titration with 0.02 normal 
NaHSO^, methyl orange being used as indi- 
cator. The results obtained are shown in 
Tables 1 1 and 12. 

Table 11. — Determinationa of total CO^-j-HCO^ when calcite 
is added to sea water at 1^ C. and air passed daily. 



Time. 

• 


Carbonates 

per liter 
normality. 


Start 


0. 00247 
.00246 
.00241 
.00238 • 
.00230 
.00236 


10 days 


12 davfl 


14 days 


33 days 


40 days 





Table 12. — Determinations of total CP^+HCO^ when calcite 
is added to sea water at room temperature and air passed 
daily. 



Time. 


Tem- 
pera- 
ture 

(OC). 


Carbonates 

per liter 
normality. 


Start 




0.00247 
.00225 
.00221 
.00215 
.00199 
.00208 
.00196 


10 days 


25 
25 
26 
28 
29 
28 


12 days 


14 days 


33 days 


35 days 


40 days 





The results obtained show that under con- 
ditions otherwise similar there is a tendency 
for the colder sea water to retain more car- 
bonate in solution than the warmer sea water. 
What was not expected, however, is the fact 
that the colder water did not dissolve fresh 
calcite but appears rather to have remained 
almost imchanged during the 40 days' run. 
In other words, sea water appears to be so far 
saturated with respect to calciimi carbonate 
that in contact with the atmosphere at 1^ C. 
it neither has nor acquires an appreciable 
solvent action on calcite. At higher tem- 
peratures it undergoes a slow diminution in its 
content of carbonates on being agitated in 
contact with outdoor air. 

To compare with the above determinations, 
I had, fortunately, been able to make a few 
titrations at sea. At two points in the 
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Caribbean Sea, about latitude 13® N., longi- 
tude 81® W., the normality of the carbonates 
was found to be 0.00236 and 0.00238 at 25® C. 
Water from the Pacific off Payta, Peru, at 
24® C, gave 0.00226. These figures are a 
little higher than those foimd in the laboratory 
after a few days' agitation and suggest a con- 
dition of saturation, imder atmospheric con- 
ditions, although they throw no light on the 
variations with temperature. 

Let us now consider aU the data available on 
surface sea water to see if the results show a 
definite relation between the normality of 
carbonate and bicarbonate and the tempera- 
ture. 

Of Dittmar's 130 results the 14 for surface 
waters are reproduced in Table 13, after 
recalculation to the terms used here. 

It is difficult to see much if any regularity 
with regard to temperature in the results 
given in Table 13. There is a slight indication 
that the normality of CO,+HCOj decreases 
with rising temperature, but the results are too 
few and too unrehable to show the relation 
with certainty. 



Table 14. — Ruppin*8 daerminations of CO^+HCO^ f&r 
water of the North Sea, depth 5 meters. 



Date. 



Feb. 18, 1907. 
May 6, 1907.. 
May 10, 1907. 
May 8, 1907.. 
May 5, 1907.. 
May 12, 1906. 
May 19, 1906. 
Nov. 14, 1906. 

Do 

May 11, 1906. 
Nov. 14, 1906. 

Do 

Nov. 13, 1906. 
Aug. 17, 1906. 

Do 

Aug. 15, 1906. 

Do 



Mean. 



Temi>era- 
ture 



COa+HCOa 
normality. 



4.5 


0.00236 


6.0 


.00236 


6.2 


.00232 


6.4 


.00240 


6.7 


.00237 


7.5 


.00242 


9.1 


.00241 


9.3 


.00238 


9.4 


.00238 


9.4 


.00242 


9.5 


.00238 


11.4 


.00239 


12.4 


.00240 


15.1 


.00232 


15.3 


.00236 


15.9 


.00239 


16.2 


.00234 



.00238 



Apparently, then, although the variation in 
the normality of CO, + HCOj with temperature 
can be shown in the laboratory, it is not very 
evident in published determinations for sur- 
face water of the open ocean. 



Table 13. — Dittmar^e determinations of CO^'\'HCO^ for surface waters. 



Sample 
No. 



384 
1271 
1471 
2 
9 
1700 
1687 

265 

327 
1581 
1573 

201 
1127 

668 



Locality. 



Indian Ocean, lat. 65° 42^ S., long. 79** 49^ E 

South Pacific Ocean, lat. 38° 56^ §., long. 116° 8^ W 

South Atlantic Ocean, lat. 41° 39' S., long. 64° 48^^ W. . . 
North Atlantic Ocean, lat. 27° 24' N., long. 16° 55' W... 
North Atlantic Ocean, lat. 24° 22' N., long. 24° 11' W... 
North Atlantic Ocean, lat. 30° 20' N., long. 36° 6' W... , 
North Atlantic Ocean, lat. 21° 33' N., long. 31° 15' W.. . 
South Atlantic Ocean, lat. 22° 15' S., long. 35° 37' W. . . 

IndianOcean,lat. 36°48'S., 19°24'E 

South Atlantic Ocean, lat. 19° 55' S., long. 13° 56' W.. . 
South Atlantic Ocean, lat. 23° 27' S., long. 13° 51' W.. . 
North Atlantic Ocean, lat. 10° 25' N., long. 20° 30' W.. 
South Pacific Ocean, fat. 3° 48' S., long. 152° 56' W.... 
Near PhiUppine Islands, lat. 9° 10' N., long. 124° 25' £. 



Mean. 



Tempera- 
ture 
(" C.). 



COa-fHCO, 
nonnality. 



-1.1 


0.00255 


11.9 


.00234 


15.3 


.00235 


18.0 


.00286 


19.4 


.00260 


21.9 


.00248 


22.8 


.00248 


22.8 


.00260 


22.8 


.00253 


24.7 


.00250 


25.1 


.00246 


25.5 


.00241 


26.1 


.00240 


27.2 


.00234 



I 



.00249 



Further determinations were made in the 
North Sea by Ruppin on the Poseidon} Some 
of his results are shown in Table 14. 

In Ruppin's results, also, no relation between 
the carbonate content and the temperature 
can be discovered. 

1 Ruppin, K., Die Alkallnit&t dei Meerwasseis: Zeltachr. anorg. 
Chemie, vol. 66, p. 122, 1910. 



Analyses of some of the warmer and nearly 
inclosed seas, on the other hand, show a de- 
crease in the carbonate content. Natterer' 
found that in the Red Sea, for instance, the 
carbonates are low and the deposition of solid 
carbonates takes place. It is evident that 
chiefly in such portions of the ocean or in the 

sNBtt«rer, K., Monatsh. Chemto, voL 20, p. 1, 1890. 
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polar regions will there be found marked mani- 
festations of the temperature effect on the nor- 
mality of COa+HCO,. 

In Dittmar's determinations for cold bottom 
waters, however, high values of the normality 
are found. But as the mean of his jBgures for the 
surface waters of Table 13, 0.00249, agrees with 
the mean of all his determinations, it follows 
that the intermediate samples actually show a 
lower normality of carbonates than either sur- 
face or bottom samples. I obtain from his 
data 0.00243 for 49 samples from intermedi- 
ate depths. Moreover, the mean for 25 sam- 
ples at temperatures below 11° is exactly the 



Table 15 contains a summary of the con- 
clusions so far suggested concerning the total 
CX), and the normahty of the bases balancing 
CO, and HCX), with reference to a condition 
of equilibrium with the atmosphere. 

The conclusions concerning ocean water do 
not involve the greatest depths or the cold 
polar regions. It will be seen that by postu- 
lating a slight deficit of CO, and bases in the 
intermediate ocean waters these waters will be 
ready to increase their CO, if they come into con- 
tact with the bottom. As a matter of fact, 
however, they must be surrounded by exten- 
sive layers of water in which equilibrium pre- 



Tabls 15. — Condtuixms tuggeUtdfrom the inveMtigation with reference to a condition of equilibrium with the atmosphere. 



Ocean water of temperate re- 
gioiUB down toS^OOO&kthonm. 

Gulf of Mexioo water 



Depth. 



fSurface 

Intermediate. 

Bottom 

Surfiice 

\Intermediate. 



CO,. 



Slight excess 

Slight deficit 

£<)ui]ibrium or excess 

Slight excess 

EqtdHbrium 



Bases. 



Slight excess. 
Slight deficit. 
Equilibrium or excess. 
Slight excess. 
Equilibrium. 



same as the mean for 24 samples at tempera- 
tures above 11°. The value 0.00243 would 
therefore appear to be the most representative 
value of the normahty for the whole ocean. 
But the variation with temperature, except for 
the bottom samples, does not appear in Ditt- 
mar's lesidts. Such a variation, however, is 
found in the Gulf waters. It may be that in 
the intermediate waters of the open ocean 
there is lacking a source of the bases or possi- 
bly of CO3. On the bottom there may be a 
source of carbon dioxide in the decay of or- 
ganic matter and of the bases in the inorganic 
material, which would explain high results for 
bottom samples. The slight excess in the 
COg-fHCO, normality for the surface waters, 
however, is more difficult to account for. If 
it is due to additional bases, where do they 
come from? Possibly river water or organic 
life at the surface — such as algae — act as compe- 
tent sources of the bases. The atmosphere or 
organic life could furnish the carbon dioxide, 
but in view of the experiments whose results 
are given in Tables 11 and 12 sea water does 
not appear to be in a condition to receive car- 
bon dioxide from the atmosphere except at 
the very coldest temperatures. This leaves 
river water and organic life as the chief prob- 
able agencies contributing carbon dioxide to 
the surface waters of the ocean. 



vails, as the surface and bottom concentra- 
tions are excessive. It is interesting to recall 
in this connection that the waters of the south- 
em and western Pacific seem to be deficient in 
both carbon dioxide and bases balancing CX), 
and HCOj. These very general conclusions 
are the best that can be drawn from aU the 
evidence. In any actual series of samples, 
however, variations seem to occur which sug- 
gest that there may well be local variations 
due to organic activity that operates faster 
than the mixing of the wateV. Chemical tests 
are commonly made on comparatively small 
samples of the water, and it may be that 
greater constancy would be obtained if laiger 
samples could be employed. 

CALCULATION OF CARBONATE AND 
BICARBONATE. 

The amounts of carbonate and bicarbonate 
present may first be calculated on the assump- 
tion that all the CO, found is combined as 
CO, and HCO, balancing bases. Thus, for 
water 7 in Tables 2 and 10 let a? = normahty 
of CO, and y== normahty of HCO,. Then 

22x+44y = 0.092 
and x+ y = 0.00242 
whence y = 0.0018 and x= 0.0007. 

The results thus obtained for the 15 samples 
are shown in the last two columns of Table 10. 
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These results average, as they stand, 0.0018 
for the bicarbonate normality and 0.0006 for 
the carbonate normahty. Dole's average re- 
sults for Tortugas water, obtained exclusively 
by titration methods, are 0.0016 and 0.0008, 
respectively (from 0.069 and 0.017 gram COa in 
the two forms; see p. 2). From Dittmar's 
figure of 0.092 gram per liter for the total CO, 
in water of the North Atlantic at 22.8® C. 
(Table- 3) and a normahty of 0.00243 for 
HCOa+CO,, I obtam 0.0018 and 0.0006 for the 
normaUties of HCOj and COj, respectively, 
which are identical with the figures for the 
Gulf surface water, given in Table 10. 

Let us next consider the magnitude of the 
error introduced by neglecting free carbon di- 
oxide in the above calculations. The combi- 
nation of Dole's mean values for CO, and 
HCO3 with my mean value for the total CO, 
in surface Gulf water gives 0.006 gram per 
Uter free CO,. If this figure correctly repre- 
sents the free CO, it would leave for sample 7, 
for example, 0.092 -0.006 =0.086 gram CO, for 
the HCO3 and CO,. The calculation will then 
be as on page 1 1 : 

22a: +44y = 0.086 
and x+ 2/ = 000242 

whence y =0.0015, the normality of H00„ and 
X =0.0009, the normality of CO, balancing an 
equivalent amount of base. These results 
differ markedly from those first obtained, 
namely, 0.0018 and 0.0007 for the normalities 
of HCO, and CO, respectively, and show 
clearly the order of the uncertainty involved 
in the concentrations under discussion. It 
shoidd be noted, however, that the imcertainty 
is no longer in the amount of total CO, but 
only in the separate concentrations of the 
three forms in which the 00, is conventionally 
stated. 

Johnston^ states that the free carbon dioxide 
can be calculated if the total ion concentration 
of base, LB"^], and the hydrogen-ion concentra- 
tion, [H"^], are known. The hydrogen-ion 
concentration can be determined by indicators 
or by the hydrogen electrode, but for several 
reasons it was not determined in the waters 
under scrutiny. The determination of [B+] 
involves some theory and uncertainty, and 

* Johnston, John, The determination of carbonic acid, combined and 
free, in solution, particularly in natural waters: Am. Chem. Soc. Jour., 
vol. 38, p. 955, 1916. 



therefore a few illustrative calcidations must 
sufiSce. Johnston gives the following figures 
for the free carbon dioxide when [B"*"] equals 
0.001, which is comparable with the normahty 
of HCO, found in sea water: 



[H+J. 


Free carbon 
dioxide. 


i(r« 
icr^ 
i(r« 
i(r« 


Gram per liter. 
0.130 
.013 
.0013 
.00016 



For [B+] = 0.01 the corresponding values are 
ten times those given above.. 

Suppose that in sample 7 [H"^] — 10~^ and 
[B+] = 0.002, then free CO, -0.026 gram per 
hter, leaving 0.092-0.026 = 0.066 gram for 
HCO, + CO,. The calculation will then be, as 
before, 

22x + 44y = 0.066 
and x-\- y = 0.00242 

whence t/= 0.0006, the normahty of HCO,, and 
«« 0.0018, the normahty of CO,. These re- 
sults may probably be regarded as extreme, 
as [H***] for sea water may be as low as or lower 
than 10-«. If [H+] = 10-« the free CO, will be 
0.0028 gram, makmg HCO, = 0.0016 and 
CO, = 0.0008. If [B+] is less than 0.002 the 
quantity of free CO, will be less. 

In a paper on the alkalinity of sea water 
Sorensen and PaUtzsch * record determina- 
tions on a series of 24 samples of surface water 
from the Atlantic in which [H**^] ranges from 
10-^-»* to 10-^". 

Recent determinations by Gaarder * yield 
values for [OH""] running from 0.5 X 10"^ 
to 25X10-^; or, for 20°, [H+]-1.3xlO-» 
to 2.6 X 10"*, which is somewhat less acid 
than that obtained by Sdrensen and Pahtzsch. 

According to the determinations of McQen- 
don * the water at Tortugas gives [H"*"] = 
10~»-* to 10-»^ 



> SiirenscD, S. P. L., and Palitzsch, S., Bur le mesurnge de la concen- 
tration en Ions hydrog^e de I'eau de mer: lAb. Carlsberg Compt. rend, 
trav., vol. 9, p. 8, 1910. 

» Oaarder, Torblom, Hydroxyl number of pure water and sea water: 
Tidskrift Kctni Farm. Terapi, vol. 13, pp. 93-105, 135-137, 152-156, 160- 
172, 181-187, 198-201, 1916. 

* McClendon, J. F., Experiments with Tortugas sea water: Carnegie 
Inst. Washington Year Book 15, p. 207, 1916. See also Mayer, A. G., 
Observations upon the alkalhiity of the surface water of the tropical 
Pacific: Nat. Acad. Sd. Proc., vol. 3, p. 518, 1917. 
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Some f xirther light is thrown on this problem 
by the comparison brought out in Table 7. 
It was shown that the Gulf waters appear to 
be very near equilibrium with the atmosphere. 
That being true, we may evaluate the free CX), 
by the second term of Fox's equation (p. 5). 
as that term is intended to represent the CO, 
present in physical solution, the average 
partial pressure of CO3 for all the waters 
being taken as, say, 0.00032 atmosphere. 
The free CO, thus calculated ranges from 
0.0005 to 0.0006 gram per liter. Although 
Henry's law is now known to be inapplicable 
with exactness to very dilute solutions of C0«, 
the figures just given are far smaller than 
those calculated above for [H+] — 10"*' and 
10"*. Further investigation is needed to clear 
up this discrepancy. 

In view of the imcertain factors here noted 
the figures in Table 10 may be allowed to stand 
as preliminary estimates of the proportions 
of carbonate and bicarbonate. In future 
determinations it will be desirable to evaluate 
[H^] along with the other determinations and 
correct for the free CO, as far as possible. 
It would obviously be incorrect to calculate 
the CO, and HCO, separately from the total 
CO, without correcting for the free CO, when 
the total CO, is exceptionally high and the 
total HCO, 4- CO, low, but such high total CO, 
seems to be the exception in warm ocean 
water. If we assume a mean value of 0.003 
gram per liter of free CO, in all the samples 
of Gulf water analyzed, the mean values for 
the HCO, and CO, normalities for the Gulf 
water would be 0.0017 and 0.0007 respectively. 
As a matter of fact, however, the free CO, 
varies from one sample to another, like the 
other concentrations, and a complete state- 
ment for each sample would require the 
determination of at least three unknown quan- 
tities — ^better four, in order to check the residts. 

An examination of the results for the car- 
bonate and bicarbonate given in Table 10 
shows that there is a slight increase of the 
bicarbonate concentration and a slight de- 
crease of the carbonate concentration indi- 
cated with increase in depth, or, one may say, 
with decrease in temperature. The variation 
is not great but appears to be real; if it is 
real, an increase in temperature corresponds 
to a decrease in total CO,, in the total CO,-f 
HCO„ and in HCO,, and an increase in CO,. 

28288**— 19 2 



These relations correspond to the known 
effect of temperature on the solubility of 
carbon dioxide in water, on the solubility of 
calcium carbonate in water, and on the 
hydi'olysis of carbonates. An increase iu 
total CO, therefore corresponds to an increase 
in HCO, but not m CO,. 

For the sake of completeness, Buchanan's 
determinations, made during the cruise of the 
ChaUenger, of the amount of carbon dioxide 
eliminated from sea water by boiling are 
presented for comparison. There has long 
been some uncertainty as to the exact sig- 
nificance of the results,^ but they must be of 
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FioirBE 1.>-Ciirv« showing Tarfatfon of loosely comMned cwImb 
dioxide In surfaoe sea water with temperature. The crosses represent 
the 12 means given In Table 16. 

value as comparative determinations, having 
all been made by the same method. I have 
studied Buchanan's results for surface waters 
with reference to the equilibrium that should 
exist between the waters and the atmosphere 
in respect to carbon dioxide, and I find the 
clearest indication of a relation between the 
temperature of the water and its content of 
loosely combined carbon dioxide. Apparently, 
also, there is a difference between the Atlantic 
and the Pacific waters, but if the results for 
the surface waters are arranged solely accord- 
ing to temperature the general relation is that 
the amount of loosely combined carbon dioxide 
is greater in the colder waters. (See Table 16 
and fig. 1.) 



» Challenger Rept., Physios and chemistry, vol. 1, p. 108, 1884. Pre- 
sumably Buchanan's results give the COi of bicarbonate together with 
free COi if present. 
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Table 16. — BvuchanarCt deUnninaiions of looaely combined carbon dioxide in surface ocean water, arranged according to the 

temperature of the water. 



Sample 
No. 



389 
386 
396 
382 
387 
380 



415 
354 
364 
360 
417 



1272 
1287 
1378 
1390 
1314 
1375 



1462 
1374 
1301 
1366 
1367 
471 



1342 

1352 

497 

949 



504 
276 
1508 
1699 
836 
267 



136 

117 
910 
826 
926 
512 



75 

1687 

1684 

265 

119 



Locality. 



South 
South 
South 
South 
South 
South 



Indian 
Indian 
Indian 
Indian 
Indian 
Indian 



Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 



64^52'S., long. 83*»12^E, 
66**29^S., long. 78**18'E. 
64*»rS.,long. 87°4rE.. 
64* 2^ S., long. 79*55' E.. 
65*10'S.,long. 78*42'E. 
62* 22' S., long. 80*4' E.. 



Mean. 



South Indian Ocean, lat. 53* 13' S., long. 109* 23' E 
South Indian Ocean, lat. 46* 16' S,, long. 48* 27' E. . 
South Indian Ocean, lat. 46* 53' S., long. 51* 52' E.. 
South Indian Ocean, lat. 46* 8' S., long. 49* 40' E.. 
South Indian Ocean, lat. 50* 54' S., long. 118* 3' E.. 



Mean. 



South 
South 
South 
South 
South 
South 



Pacific 
Pacific 
Pacific 
Pacific 
Pacific 
Pacific 

Mean... 



Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 
Ocean, lat. 



38* 
39* 
42* 
45* 
38* 
39* 



43' S. 
19' S. 
19' S. 
31' S. 
19' S. 
41' S. 



, long. 112* 31' W. 
, long. 101* 19' W. 
, long. 84*47' W.. 
, long. 78*9' W... 
.long. 84*25' W.. 
, long. 86*33' W.. 



South Atlant&c Ocean, lat. 42* 32' S., long. 56* 29' W. 
South Pacific Ocean, lat. 38* 69' S., long. 83* 53' W.. 
South Pacific Ocean, lat. 37* 55' S., long. 93* 56' W. . 
South Pacific Ocean, lat. 36* 17' S., long. 83* 50' W. . 
South Pacific Ocean, lat. 36* 58' S., long. 83* 40' W.. 
South Pacific Ocean, lat. 37* 2' S., long. 160* 48' E. . . 



Mean. 



South Pacific Ocean, lat. 33* 20' S., long. 74* 24' W.. 
South Pacific Ocean, lat. 32* 50' 8., long. 77* 6' W... 
South Pacific Ocean, lat. 31* 23' S., long. 177* 48' W. 
North Pacific Ocean, lat. 37* 35' N., long. 163* 46' W. 



Mean. 



South Pacific Ocean, lat. 28* 25' S., long. 177* 93' W. 
South Atlantic Ocean, lat. 27* 64' S., long. 31* 22' W. 
South Atlantic Ocean, lat. 36* 55' S., long. 44* 50' W. 
North Atlantic Ocean, lat. 29* 60' N., long. 36* 55' W. 
North Pacific Ocean, lat. 28* 23' N., long. 137* 45' E. 
South Atlantic Ocean, lat. 24* 43' S., long. 34* 17' W. 



Mean. 



North Atlantic Ocean, lat. 37* 52' N., long. 42* 1' W.. 
North Atlantic Ocean, lat. 34* 61' N., long. 63* 59' W. 
North Pacific Ocean, lat. 35* 55' N., long. 171* 54' E. 
West Pacific Ocean, lat. 24* 47' N., long. 138* 34' E. . 
North Pacific Ocean, lat. 36* 69' N., long. 178* 56' W. 
South Pacific Ocean, lat. 23* 18' S., long. 173* 26' W. 



Mean. 



North Atlantic Ocean, lat. 27* 49' N., long. 64* 59' W. 
North Atlantic Ocean, lat. 21* 33' N., long. 31* 15' W. 
North Atlantic Ocean, lat. 17* 49' N., long. 28* 28' W. 
South Atlantic Ocean, lat. 22* 15' S., long. 35* 37' W. 
North Atlantic Ocean, lat. 32* 64' N., long. 63* 22' W. 

Mean 



Tempera- 
ture. 


Loose 
carbon 
dioxide. 




Gram per 


*C. 


liter. 


-L7 


0.049 


- .7 


.056 


.4 


.049 


.7 


.066 


.7 


.052 


LI 


.064 


.1 


.056 


4.3 


.052 


5.0 


.054 


5.0 


.047 


5.8 


.051 


7.2 


.054 


5.5 


.052 


1L8 


.037 


12.5 


.042 


12.7 


.047 


12.7 


.049 


13.6 


.037 


13.9 


.046 


12.9 


.043 


14.2 


.039 


14.2 


.051 


14.7 


.036 


15.5 


.048 


15.5 


.047 


15.6 


.050 


15.0 


.045 


16.9 


.036 


17.5 


.038 


17.8 


.059 


17.9 


.029 


17.5 


.040 


19.4 


.041 


19.4 


.043 


20.0 


.034 


20.5 


.034 


20.8 


.032 


2L0 


.042 


20.2 

1 


.038 


2L1 


.053 


2L4 


.045 


2L7 


.035 


21.8 


.021 


2L9 


.027 


2L9 


.036 


2L6 


.036 


22.2 


.048 


22.8 


.037 


22.7 


.038 


22.8 


.059 


23.3 


.042 


22.8 


.045 
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Tablb 16. — Bu£hanem,*8 determinations of loosely cornbined carbon dioxide in stur/ace ocean vxtter, arranged according to the 

tempmtture of the water — Continued. 



Sample 
No. 



990 
68 

515 
1581 

572 
1573 
1590 

256 



Locality. 



209 
817 
214 
539 
228 
216 



215 
581 
557 
661 
1097 
682 



602 

760 

1662 



North Pacific Ocean, lat. 30*> 51' N., long. 154*» 23' W. 
North Atlantic Ocean, lat. 21*» 26' N., long, 65^ 16' W 
South Pacific Ocean, lat. 20* 9' S., long. 176** 47' W.. 
South Atlantic Ocean, lat. 19** 5^ S., long. 13*» 56' W. 
West Pacific Ocean, lat. 11** 37' S., long. 142** 59' E... 
South Atlantic Ocean, lat. 23** 27' S., long. 13** 51' W. 
South Atlantic Ocean, lat. 14** 59^ S., long. 13*» 42' W. 
South Atlantic Ocean, lat. 14** 51' S., long 37** 1' W... 

Mean 

North Atlantic Ocean, lat. 7** 7' N., long. 16** 11' W.. 
West Pacific Ocean, lat. 21** 17' N., long. 140«» 40' E. . 
Nortli Atlantic Ocean, lat. 6** ly N., long. 16** 5' W.. 
South Pacific Ocean, lat. 16** 32' S., long. 163** 12' E . 
North Atlantic Ocean, lat. 1** 47' N., long. 24** 26' W. 
North Atlantic Ocean, lat. 4** 34' N., long. 13** 62' W. 

Mean 

North Atlantic Ocean, lat. 5** 48' N., long. 14** 20' W. 
West Pacific Ocean, lat. 7** 13' S., long. 134** 18' E.... 
South Pacific Ocean, lat. 13** 50' S., long. 151** 49' E . 
West Pacific Ocean, lat. 12** 21' N., long. 122** 15' E.. 
North Pacific Ocean, lat. 7* 26' N., long. 149** 22' W.. 
North Pacific Ocean, lat. 4** 33' N., long. 127** 6' E... 

Mean 

West Pacific Ocean, lat. 1** 42' S., long. 127** 7' E 

North Pacific Ocean, lat. 4** 21' N., long. 145** 18' E.. 
North Atlantic Ocean, lat. 7** 10' N., long. 15* 10' W. 

Mean 



Tempera- 
tiure. 



C. 

23.9 

24.4 

24.5 

24.7 

25.0 

25.1 

25.1 

25.3 



24.7 



25.7 
25.8 
25.9 
25.9 
26.0 
26.1 



25.9 



Loose 
carbon 
dioxide. 



Gram per 
liter, 
0.019 
.046 
.061 
.038 
.027 
.035 
.035 
.033 



.037 



043 
025 
038 
032 
043 
043 



037 



26.2 
26.4 
26.7 
26.7 
26.8 
26.9 



26.6 



27.9 
28.4 
28.6 



28.3 



046 
039 
036 
037 
029 
025 



035 



042 
030 
034 



035 



We are now in a position to make a state- 
ment of the constituents of the salts in Gulf 
water, say for the surface at a temperature of 
18° to 20** C, which shall include the total COj as 
carbonate and bicarbonate. Based on Steiger's 
analysis (Table 1), it is given in Table 17, 
which includes also a similar statement, based 
on Dittmar's analysis, for ocean water, say the 
open Atlantic at moderate depth at 18° to 20°. 

Tablb 17. — Revised analyses of salts in the Gulf of Mexico 

and ocean water. 



Table 18 gives the results of a calculation of 
the chemical equivalence of the basic and acid 
radicles that constitute the salts in the water 
based on the percentages of the constituents 
shown in Table 17. 

Tablb 18. — Equivalence of basic and add salt constituent 
whose percentages are given in Table 17. 





Gulf of 
Mexico. 


Ocean. 


CI 


55.23 

.17 

7.54 

.31 

.05 

30.79 

1.10 

1.22 

3.59 


55.21 


Br 


.19 


SO4 


7.68 


HCO, 


.31 


CO, .". 


.05 


Na 


30.54 


K 


1.11 


Ca 


1.20 


Mg 


3.71 




100.00 


100.00 



Basic radi- 
cles. 


Reacting 
values. 


Acid radi- 
cles. 


Reacting 
values. 


Gulf. 


Ocean. 


Gulf. 


Ocean. 


Na 


1.339 
.028 
.061 
.295 


1.328 
.028 
.060 
.305 


CI 


1.558 
.002 
.157 
.005 
.002 


1,557 


K 


Br 


.002 


Ca 


SO4 

HCO, 

CO, 

Sum of acid 
equiv- 
alents . . . 


.160 


Mg 


.005 
.002 


Sum of ba- 
sic equiv- 
alents 


1.723 


1.721 


1.724 


1.726 
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SUMMARY. 

The detenninations of carbon dioxide in water of the 
Gulf of Mexico recorded in this paper show that the total 
carbon dioxide increases with depth — that is, with decreas- 
ing temperature — and the amounts found are very near 
though slightly below those required for equilibrium with 
atmospheric carbon dioxide, as calculated by Fox's 
equation. Determinations of the total concentration of 
base held in balance with the carbonate and bicarbonate 
radicles were also made; this quantity apparently increases 
slightly with decreasing temperature. The data presented 



do not peiinit an exact evaluation of the "free '' carbon 
dioxide in the water, but a consideration of the uncertain 
factors upon which computation of the free carbon dioxide 
rests indicates that the amount is probably so small in the 
Gulf water that no appreciable error is made by expressing 
the total carbon dioxide found as a mixture of carbonate 
and bicarbonate. At any rate, the constituents thus 
determined, taken in the form of salts and dissolved in the 
appropriate amoimt of pure water, would reproduce the 
Gulf water under the conditions existing when the samples 
were collected. 



GEOLOGY OF NORTHEASTERN MONTANA. 



By Arthub J. Collier. 



INTRODUCTION. 



BEQIOK SXAMmSD. 



A laige region in northeastern Montana has 
never been thoroughly explored by geologists, 
owing to the fact that it is a part of the Great 
Plains and the belief that it is too monotonous 
and uninteresting to tempt anyone to turn aside 
from the pronounced geologic features a little 
farther west, for which Montana is noted. 
This region includes parts of Sheridan, Valley, 
Phillips, and Blaine counties. Its investiga- 
tion was begim by Smith * in 1908, when he 
made a geologic survey of the Fort Peck Indian 
Reservation. Beekly * explored a strip of land 
along the Montana-North Dakota line from 
Missouri River to the international boundary, 
and Bauer • examined the townships in which 
Plentywood and Scobey are situated. 

Their results are here included with those of 
the writer, who during the field seasons of 1915 
and 1916 was engaged in an investigation of 
the lignite resources of the remainder of this 
region, which extends from a Une within 12 
miles of the Montana-North Dakota boundary 
westward about 200 miles. In the western 
half of the region very little hgnite was found, 
and the work was of the nature of a hasty 
reconnaissance extending from the interna- 
tional boundary to Missouri River. A few 
townships are covered by old land surveys, and 
the comers are located with difficulty, other 
townships are still imsurveyed, and in some 
the work has not yet been completed; though 
the comers were found in the field, no plats 
were available. The townships in the eastern 

1 Smith, C. D., The Fort Peek Indian Reservation lignite field, Mont.: 
U. S. Oeol. Survey Bull. 381, pp. 40-59, 1910. 

s Beekly, A. L., The Culberteon ligaite field, Valley County, Mont.: 
U. S. Oeol. Survey BuU. ATI, pp. 319-358, 1912. 

* Bauer, C. A., Lignite in the vicinity of Plentywood and Soobey, 
Shvidan County, Mont.: U. 8. Geol. Survey Bull. 541, pp. 399-315, 1914. 



part of the region have been surveyed by the 
General Land Office within the last six or seven 
years. In the examination of the lignite beds 
in this area the plane table and telescopic 
aUdade were in constant use, and the locations 
of the outcrops were tied to the section comers, 
which are usually marked by iron posts and are 
easily foimd. 

ACXNOWLBDOMENTS. 

W. T. Thom, jr., and R. F. Baker were 
assigned to the field party in 1915, and H. R, 
Bennett accompanied the writer in 1916. Ed- 
win T. Conant was employed as teamster and 
assistant during both seasons. Much of the 
information contained in this report is the re- 
sult of the faithful work done by these men. 

W. C. Alden, who in 1916 began an investiga- 
tion of the glacial features of eastern Montana, 
visited the party in the field and has frequently 
been consulted in the office. He has made 
many valuable suggestions, used in the prepara- 
tion of this paper. 

Acknowledgment is also due to Mr. Bamum 
Brown, of the American Mxiseum of Natural 
History, for suggestions made in the course of 
the field season of 1916. 

As the work in many parts of the region 
was more or less of a reconnaissance nature 
the only available maps were township plats 
made by the General Land Office. The Bow- 
doin, Saco, Hinsdale, and Cherry Ridge topo- 
graphic maps of the United States Geological 
Survey; the maps to be pubUshed by the Inter- 
national Boundary Commission; the topo- 
graphic maps of the Fort Peck Indian Reserva- 
tion made by the General Land Office in con- 
nection with the township surveys and pub- 
lished by the Geological Survey; and the maps 
pubhshed by the Missouri River Commission 
have all been used in preparing this report. 
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The base map (PL I) is compiled from the 
township plats, with additions from the few 
topographic maps available and the field notes 
made by the writer and his assistants. 
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Scobey, Sheridan County, Mont.: U. S. Geol. Survey Bull. 
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1915. 



Rose, Bruce, The Wood Mountain coal area, Saskatche- 
wan: Canada Geol. Survey Summ. Rept. for 1914, pp. 
64-67. 

1916. 

Stebinger, Eugene, Possibilities of oil and gas in north- 
central Montana: U. S. Geol. Survey Bull. 641, pp. 49-61. 

Rose, Bruce, Wood Mountain-Willowbunch coal area, 
Saskatchewan: Canada Geol. Survey Mem. 89. 

1917. 

Collier, A. J., The Bowdoin dome, Montana, a possible 
reservoir of oil or gas: U. S. Geol. Survey Bull. 661, pp. 
193-209 (Bull. 661-E). 

CoUier, A. J., and Thorn, W. T., jr., The Flaxville gravel 
and its relation to the other high-terrace gravels of the 
northern Great Plains: U. S. Geol. Survey Prof. Paper 
108, pp. 179-184 (Prof. Paper 108-J). 

SURFACE FEATURES. 

The region here described is a part of the 
Great Plains of North America. By this desig- 
nation it is not intended to imply that the 
whole area consists of only one plain, for in 
fact there are at least three levels at which 
renmants of fairly well marked surfaces ap- 
proaching plains can be discovered and between 
which there are more or less irregular slopes 
and escarpments. It can be assmned that at 
some very remote time the whole of the Great 
Plains constituted one plain, which was subse- 
quently elevated and probably warped. The 
increased slope made it possible for the streams 
to sink their channels into the plain and as 
time went on to destroy most of its even sur- 
face by the headward cutting of the tributaries. 
Other periods of uplift and erosion have made 
possible the production of partial plains below 
the original one, until the region to-day is 
marked by a series of terraces or remnants of 
these plains. Adjacent to the southwest comer 
of the region described are the high peaks of 
the Little Rocky Mountains, which owe their 
origin to a totally different cause, namely, an 
intrusion of igneous rocks with which the 
underlying strata not elsewhere exposed are 
brought to the surface. Except for the Little 
Rocky Mountains the relief between the lowest 
point and the highest in this region is about 
1,400 feet. 

The highest points are in a series of plateaus 
near the Canadian line which are capped and 
protected from erosion by gravel. The plateau 
in the western part of the region stands at 
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The base map (PL I) is compiled from the 
township plats, with additions from the few 
topographic maps available and the field notes 
made by the writer and his assistants. 
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1916. 
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Rose, Bruce, Wood Mountain-Willowbunch coal area, 
Saskatchewan: Canada Geol. Survey Mem. 89. 
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Collier, A. J., The Bowdoin dome, Montana, a possible 
reservoir of oil or gas: U. S. Geol. Survey Bull. 661, pp. 
193-209 (Bull. 661-E). 
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SURFACE FEATURES. 

The region here described is a part of the 
Great Plains of North America. By this desig- 
nation it is not intended to imply that the 
whole area consists of only one plain, for in 
fact there are at least three levels at which 
remnants of fairiy well marked surfaces ap- 
proaching plains can be discovered and between 
which there are more or less irregiilar slopes 
and escarpments. It can be assimied that at 
some very remote time the whole of the Great 
Plains constituted one plain, which was subse- 
quently elevated and probably warped. The 
increased slope made it possible for the streams 
to sink their channels into the plain and as 
time went on to destroy most of its even sur- 
face by the headward cutting of the tributaries. 
Other periods of uplift and erosion have made 
possible the production of partial plains below 
the original one, until the region to-day is 
marked by a series of terraces or remnants of 
these plains. Adjacent to the southwest corner 
of the region described are the high peaks of 
the Little Rocky Moimtains, which owe their 
origin to a totally different cause, namely, an 
intrusion of igneous rocks with which the 
imderlying strata not elsewhere exposed are 
brought to the surface. Except for the Little 
Rocky Mountains the relief between the lowest 
point and the highest in this region is about 
1,400 feet. 

The highest points are in a series of plateaus 
near the Canadian line which are capped and 
protected from erosion by gravel. The plateau 
in the western part of the region stands at 
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3,000 to 3,400 feet above the sea, as is indi- 
cated on the Cherry Ridge topographic map of 
the Geological Survey; east of it, for about 30 
miles, no remnants of the high plateau are 
found, but in the neighborhood of Opheim there 
is another extensive plateau at an altitude of 
about 3,100 feet, east of which the elevation 
declines to about 2,700 feet in a plateau south 
of the town of Redstone. 

The Larb Hills,* near Missouri River, also con- 
sist of an undulating plateau about 3,000 feet 
in altitude but differing from the plateau far- 
ther north in not having a thick gravel cover. 

Outside of the areas occupied by these pla- 
teaus there is a marked bench of rolling land 
from 200 to 500 feet below the higher level. 
This bench can be seen to good advantage 
from Big Muddy Creek, northeast of Redstone, 
to the North Dakota line, as shown in the maps 
of the Boimdary Commission, and ranges in 
altitude from 2,300 to 2,500 feet. At the 
international boundary the Big Muddy VaJley 
has steep walls rising 260 feet to the compara- 
tively level plain. West of Big Muddy Creek 
this bench continues with varying altitudes, 
and along the forks of Poplar River it consists 
of long slopes extending from the upper escarp- 
ment down within 200 feet of the river level. 
West of Opheim it consists of level-topped 
areas, of sloping grass-covered hills, and of 
badlands in which the shale is exposed. It 
ranges in altitude from 2,500 feet near Milk 
River to 3,000 feet at the international bound- 
ary near the crossing of Frenchman Creek. 
The valleys of Rock, Frenchman, Whitewater, 
Cottonwood, and other creeks cut across this 
bench and are especially deep near Milk River. 
A view of the gorge of Rock Creek is given 
in Plate II, A, and the valley of Cottonwood 
Creek is shown in Plate III, A. South of Milk 
River the elevated areas are generally some- 
what lower, and the streams cutting across 
them occupy broad valleys from 100 to 400 
feet in deptJii. 

1 The name Larb Hills has been applied to the uplands immediately 
KNxth of Saoo and has been published on the Bowdoin, 8aoo, and Hins- 
dale topographic maps of the United States Geological Survey. That 
this is an error is affirmed by many of the old inhabitants of the region. 
Messrs. Henry Carpenter and L. W. Oibeon, who resided near the 
Missouri for many yeus, assert that the name was first applied to a rela- 
tlTely small area east of Timber Creek. It is applied to the whole group 
of highlands near Missouri River on the map by Calhoun published in 
U. S. Oeol. Survey Prof. Paper 50. 



The valleys of Missouri and Milk rivers, 
ranging in altitude from 1,900 to 2,300 feet 
and lying from 100 to 500 feet below the level 
of the bench just described, together with the 
valleys of the smaller streams, constitute the 
lowest land in this r^on. The valley of Milk 
River is bordered by pronounced bluffs. It is 
in places several miles in width and was prob- 
ably formed by a much larger stream than 
that which now occupies it. Calhoun' is 
authority for the statement that this valley 
was once occupied by Missouri River and that 
it was completely filled with ice during the 
glacial epoch so that the river was forced to 
cut for itself a new vaUey (the present course) 
50 miles to the south. 

The present valley of Missouri River near 
the mouth of the Musselshell is cut from 300 
to 500 feet in the bench described and is not 
more than 3 miles across from rim to rim. 
(See maps published by the Missouri River 
Commission.) The river flows eastward in 
this narrow valley for many miles to the 
mouth of Big Dry Creek, in whose former 
vaUey it flows back to its original channel at 
the mouth of Milk River. 

The effect produced by the moving of the 
continental ice sheet across this region is inter- 
esting and varied. In some areas the evidence 
of glaciation is almost entirely lacking, but 
even in such areas, if the surface has not been 
covered by deposits made since the glacial 
epoch, boulders of granite brought from the 
far-away shores of Hudson Bay, or large 
bodies of boulder clay, in part from the same 
source, can be foimd here and there. In addi- 
tion to this evidence there are several glacial 
moraines marked by small irregularly placed 
lake beds separated by rounded hills. There 
are two large areas of this kind near the Cana- 
dian boimdary — one in the eastern part of the 
region and the other extending from White- 
water Creek to the west side of the region 
mapped. 

A description of the surface would not be 
complete without some reference to the Little 
Rocky Mountains, adjacent to the southwest- 
em part of the region. These mountains, as has 

s Calhoun, F. H. H., The Montana lobe of the Keewatin loe sheet: 
U. S. Oeol. Survey Prof. FAper 50, pp. 3S-42, 1906. 
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be«n shown by Weed and Pirsson/ are of a 
peculiar type in that they have a central core 
of very old rocks covered by a mass of porphyry 
(a laccolith) intruded at some time very much 
later than the formation of the sedimentary 
rocks and are flanked by the upturned edges 
of the deep-seated strata. They furnish the 
only clue that can be obtained in this region 
to the strata that lie far beneath the smface. 
The Black Hills of South Dakota and Wyo- 
ming ^ present a much better known example 
of this form of mountain uplift, and the Little 
Rocky Moim tains can be described as a minia- 
ture reproduction of the Black HiUs. On the 
Little Rocky Mountains there is a comparative 
abundance of timber, not only yellow pine and 
cedar but in many places fir, tamarack, and 
lodgepole pine. 

SETTLEMENT OF THE REGION. 

From the days of Lewis and Clark (1804- 
1806) to the completion of the Northern Pacific 
Railway (1883) Missouri River was the great 
northern route of communication between the 
East and the WeBt. Steamboats pUed regu- 
larly on its muddy waters, bringing in suppUes 
of all kinds and taking out pelts that the great 
fur companies had collected from the Lidians 
and trappers. At that time many forts were 
built on the banks of the river to guard against 
attacks by the Indians, and one of the most 
important of these was Fort Union, which 
stood in this area opposite the mouth of Yel- 
lowstone River. 

The building of the first railway ended the 
river traffic, and as the region adjacent to the 
international boundary was out of the ordinary 
line of travel, it was Uttle visited imtil the 
completion of the Great Northern Railway 
about 1889. Up to that time the only inhabi- 
tants were Indians, trappers, traders, and 
woodcutters for the river steamers. After the 
building of the Great Northern Railway the 
country was practically given over to the 
raising of cattle and sheep. The railway sta- 
tions became distributing points and have 
been the principal settlements for many years. 
Small irrigation plants have been established 

» Weed, W. H., and Plrsson, L. V., Geology of the Llttl.e Rocky 
Mountains: Jour. Geology, vol. 4, pp. 309-428, 1806. 

1 Darton, N. H., U. S. Qeol. Survey Oeol. Atlas, Sundanoe folio (No. 
127), 1905. 



at many of these places, the principal crop 
being blue-joint hay. The Milk River irriga- 
tion project of the Reclamation Service, begun 
many years later, has improved large areas of 
low-lying land. About seven years ago a tide 
of new life in the guise of "dry land'' home- 
steaders set in and is still swelling, though the 
more desirable land has been occupied. To 
meet this sweep of immigration, townships 
have been surveyed, branch railroads built or 
projected, and new towns established. The 
best land, from the farmer's point of view, is 
that on the flat surfaces of the higher plateaus, 
where the soil is easily worked and produces 
good crops of grain and flax. The bench lands 
are usually more rolling in character and are 
generally strewn with glacial boulders which 
must be gathered up before plowing. The soil 
on the benches in the eastern part of the region 
is derived largely from sandy formations and 
is easily cultivated and fully equal to that of 
the plateaus. (See Fl. II, B.) Large areas 
in the western part are underlain by shale, 
which forms a gumbo soil difficult to cultivate 
and on which the surface forms are more va- 
ried, but there are at many places large areas 
in which the invasion of ice during the glacial 
epoch has left a sandy soil that is easily tilled. 
The new homestead law, passed in 1917, which 
enables the settler to acquire 640 acres of land 
for grazing, will certainly encourage further 
settlement and wiU force the abandonment of 
the methods of the old stock-raising d^js. 

The principal towns in this region are Cul- 
bertson. Poplar, Wolf Point, Glasgow, Van- 
daUa, Hinsdale, Saco, and Malta, on the main 
line of the Great Northern Railway; Plenty- 
wood and Scobey, on a branch of the Great 
Northern; Outlook and Whitetail, on the St. 
Paul, MinneapoUs & Sault Ste. Marie Railway; 
and Glentana and Opheim, on proposed rail- 
roads not yet built. 

STRATIGRAPHY. 
OENEBAL SECTION. 

The sedimentary rocks range from the pre- 
Cambrian core of the Little Rocky Moimtains 
to the Recent alluvium of the existing streams. 
The source of the information regarding the 
rock from the pre-Cambrian to the Carbonifer- 
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ous is an article by Weed aad FirsBon,' from 
which the following remarks oa the rocka below 
the Corbooiferous are adapted. The section 
from the Carboniferous to the Claggett shale of 
the Cretaceous system was examined during 



owing to undetected variations in the dip. 
The areal distribution of the formations is 
shown in figure 2. 

The descriptions of the formations above the 
Qaggett shale are the results of work done by 
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the field season of 1916. Only one measure- the writer and his assistants in 1915 and 1916, 
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may be foimd to be more or less inaccurate shown in' Plate I. The geologic section is as 
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22 



SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. 



Section o/formationB in northeastern Montana. 



System. 


Series. 


Group and forma- 
tion. 


Thickness 
(feet). 


Character. 




Recent. 


-Unconformity 




Sandv soil derived from Flaxville gravel, Fort Union, Lance, 
ana Judith River formations. Gumbo soil derived from 
the Bearpaw and Claggett shales. 


Quater- 
nary. 


Alluviiun deposited in the flood plains of streams. 




Pleisto- 
cene. 




Scattered boulders, till, and moraines. 




-U 

TT 




Gravel deposited in Milk River valley by preglacial ^rissourl 
River. 


Quater- 
nary or 
Tertiary. 


Pleisto- 
cene or 
late Plio- 
cene. 


UC UllXUI nil b jr 

nconformity 

laxville gravel. 




Gravel and silt north of Malta. Gravel on benches around 
Little Rocky Moimtains. 


Tertiary. 


Early Pli- 
ocene or 
Miocene. 


F 
-U 


0-100 


Gravel, sand, and clay, in some places cemented with calcite. 


Eocene. 


ii^uiixuAUUi/y ' 

ort Union for- 
mation. 


0-1,400 


Yellowish sandstone and shale carrying beds of lignite. 


Tertiary)?). 


Eocene(?). 


Lance formation. 


180-200 


Somber-colored sliale and sandstone; lignite beds. 


80-200 


Yellowish sandstone and shale. 




Upper 
Creta- 
ceous. 


1 

08 

1 
1 


Bearpaw shale. 


800-1,000 


Dark-gray shale; marine fossils; gumbo soil. 




Judith River 
formation. 


400-425 


Light-colored shale and sandstone; marine and fresh-water 
fossils; a somewhat sandy soil. 




Claggett shale. 


750 


Dark-gray shale, marine fossils, gumbo soil. 


Creta- 
ceous. 


Eagle (?) 
sandstone. 


100 


Light-<?olored sandstone present in Little Rocky Mountains 
but probably absent in Bowdoin dome and pomts west. 


• 

1 

O 

'o 

o 




875 


Bluish-gray to black shale. 




60 ± 


« 

Light-colored sandstone capped bv thin layer of fossiliferous 
Bmestone. 




325 


Dark-blue shale. 




Mowry shale. 


100 


Platy siliceous shale; weathers into porcelain-like debris. 




Lower Cre- 
taceous. 


Kootenai (?) for- 
mation. 


825 


Vari^ated shale interbedded with yellow and brown sand- 
stone. 


Jurassic. 


Upper 
Jurassic. 


Ellis formation. 


200 


Massive cross-bedded sandstone. 


200-300 


Thin-bedded limestone and shale. 

• 


Carbonif- 
erous. 


Ikiississip- 
pian. 


Madison 1 i m e- 
stone. 




Massive fossiliferous limestone. 
Thin-bedded limestone. « 


Devonian 

Silun- 
an(?). 








Dark-gray and black fetid limestone .« 


Cambrian. 








Thin-bedded limestone. <* 
Limestone conglomerate. 
Green shale. 
Quartzite. 


Pre-Cam- 
brian. 










Black crvstalline amphibole schist-^ 



a Adapted from Weed, W. H., and Pirsson, L. V., Oeology of the Little Rocky Mountains: Jour. Geology, vol. 4, pp. 39942S, 1896. 
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FBX-CAXBBIAK BOCKS. 

The core of the Little Rocky Mountains is 
composed of crystalline schist (fig. 3). The 
type most usually seen is a fine-grained, dense, 
compact black crystalline amphibole schist or 
amphibolite, which splits into fragments with 
bright surfaces. These rocks are reported by 
Weed and Pirsson as being clearly altered 
sandstones. They are certainly older than the 
Cambrian. 

POBPHYBY LACCOLITH. 

Overlying the pre-Cambrian core of the 
Little Rocky Mountains is a great lenslike mass 
or laccolith of porphyry (see fig. 3), which was 
intruded at a much later date and which 
arched the overlying rocks into a dome. The 



Fossils collected by Weed and Pirsson from 
the limestone mentioned in the section were 
examined by Walcott, who identified Ptycho- 
paria oweni Hall and OboleUa nana Meek and 
Hayden. Both are Middle Cambrian forms. 

SILUBIAN AND DEVONIAN SYSTEMS (T). 

Above the Cambrian rocks (figs. 2 and 3) 
are slate-colored and black fetid limestones 
possessing the general characteristics of the 
Silurian and Devonian rocks as developed in 
the Rocky Mountain region to the west. No 
fossils were found in t^ese rocks, and their 
tentative reference to the Silurian and Devo- 
nian systems by Weed and Pirsson is based on 
their Uthologic character and position between 
the Cambrian and Carboniferous rocks. 



Granite Butte 




ado¥e sea levrl 

FiovBX 3.~S6cUoo of the laocx>Uth of the Little Rocky Mountains, Mont. (After Weed and Pirsson.) a. Crystalline schists; &, granite por- 
phyry; c, Cambrian; <f, Silurian (?) and Devonian (?); e, Carboniferous; /, Mesosoic. 



exact thickness of the porphyry has not been 
measured, but it is known to be 300 or 400 
feet on the principal summits, where it rests 
upon black mica schist into which the streams 
have cut their gorges. The outlying buttes, 
like those shown in figure 3, probably represent 
local thickenings or possibly separate intrusions 
of porphyry from which, in many places, the 
overlying rocks have not been eroded. 

CAMBBIAN SYSTEM. 

Cambrian rocks, of which Weed and Pirsson 
give the following section, lie upon the lacco- 
lith just described. 

Section of Cambrian rock$ in Little Rocky Mountains, 

Mont. 

Feet. 

Thin-bedded fiasile limestone, pure limestone with 
shell remains altematiEig with impure sandy and 
more or less conglomeratic beds; general color 

gray 25 

Limestone conglomerates and gray shale, greenish 
sandy layers alternating with pure argillaceous 
beds. There are some thin beds of limestone 

from which a few fossils were taken 40 

Green shale carrying limestones and conglomerates. 50 

Green or copperas-colored shale 30 

Interval in which the beds are not exposed 300 

Qiiartzite changing to conglomerate near the base, 
generally flesh-colored, mostly brecciated and 
rusty 75 

520 



CABBONITEBOnS SYSTEM. 
MADISON LIMESTONE. 

The Carboniferous rocks (fig. 2) consist of 
several hundred feet of somewhat thinly 
bedded limestone at the base, capped by- 
several himdred feet of massive, thick-bedded 
limestone which appears to be characteristic 
of the Mississippian Madison limestone through- 
out the Rocky Mountain region. From this 
formation Weed and Pirsson report five species 
of fossils collected by E. S. Dana and pro- 
nounced lower Carboniferous by Whitfield.* 

Several collections of fossils, made princi- 
pally by H. R. Bennett, have been examined 
by G. H. Girty, who has identified at least 
22 species and who declares that the formation 
is identical with the Madison limestone of 
other parts of Montana. His report follows: 

Sec. 33, T. 25 N., R. 24 E. (lot 19): 
Zaphrentis sp. 
Syringipora surcularia. 
Rhipidomella aff. R. burlingtonensiB. 
Schuchertella chemungensis? 
Productus ovatus. 
Productus aff. P. viminaliB. 
Productus gallatinensis? 
Productus (Strophalosia?) sp. 
Spirifer aff . S. incertus. 

1 Ladlow, William, Reoonnalssanoe from Carol, Mont., to Yellow 
stone National Park, p. 129, Washington, 1876. 
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Sec. 33, T. 25 N., R. 24 E.— Continued. 

Brachythyrifl suborbiculariB? 

Mortinia? sp. 

Syringothyris carteri. 

Athyrifl lamellosa. 

Euomphalus sp. 
Sec. 36, T. 25 N., R. 15 E. (lot 21): 

Zaphrentoid corals. 

Euomphalus sp. 
Same location as above but lower in section (lot 22): 

Triplophyllum sp. 

Schuchertella chemungensis. 

Chonetes omatus. 

Spirifer centronatus. 

Reticularia cooperensis. 
Sec. 27, T. 25 N., R. 26 E. Got 25): 

Leptaena analoga. 

Schuchertella chemungensis. 

Chonetes loganensis. 

Chonetes omatus. 

Chonetes logani. 

Pustula n. sp. 

Productus ovatuB. 

Productus arcuatus? 

Productus sp. 

Camarotoechia metallica. 

Camarotoechia sp. 

Dielasma aff. D. burlingtonense. 

Spirifer centronatus. 

Syringothyris carteri. 

^iartinia rostrata. 

Spiriferina solidirostris. 

Reticularia cooperensis. 

Composita humilis. 

Cliothyridina cf. C. crassicardinalis. 

Platyceras sp. 
Same location as above but higher in the section (lot 26) : 

Triplophyllum sp. 

Schuchertella chemungensis. 

Chonetes logani. 

Chonetes omatus. 

Spirifer centronatus. 

Spiriferina solidirostris. 
Sec. 22, T. 25 N., R. 25 E. (lot 36): 

Triplophyllum sp. 

Fenestella, several sp. 

Pinnatopora sp. 

Batostomella sp. 

Rhombopora sp. 

Cystodictya sp. 

Schuchertella chemungensis? 

Schizophoria? sp. 

Chonetes omatus. 

Chonetes logani. 

Chonetes loganensis. 

Productus arcuatus? 

Pustula n. sp. 

Camarotoechia aff. C. herrickana. 

Camarotoechia metallica. 

Spirifer centronatus. 

Camarotoechia mysticensis. 

Camarotoechia sp. 

Spiriferina solidirostris. 



Sec. 22, T. 25 N., R. 25 E.—Omtintted. 
Reticularia cooperensis. 
Martinia rostrata. 
Composita sp. 
Cliodiyridina incranata? 
Eumetria aff. E. vera. 
Entolium shumardianum. 
Platyceras sp. 
Griffithides? sp. 

It is probable that all six collections are of lower Missis- 
sippian age and belong to the Madison limestone, though 
they show several different faunal facies. Lots 22, 25, 26, 
and 36 are t3rpical Madison faunas. Lot 21 shows too little 
for definite identification of the horizon. Lot 19 suggests 
a typical Burlington more than a typical Madison fauna, 
yet the Madison is in part of Burlington age, and collections 
from it sometimes ^ow a markedly Burlington facies, 
like this one. 

The Madison limestone is the most striking 
formation surromiding the Little Rocky Moun- 
tains. It is the encircUng girdle of the moun- 
tains, in which the picturesque canyons are 
cut. Seen from a distance it appears like a 
great horizontal bed, but on closer examination 
it i3 found to be turned up at high angles and 
its edge cut by deep canyons. The three 
small outlying domes shown in figure 2 are 
made up wholly of this limestone. 

JTTBASSIC SYSTEM. 
ELLIS FORMATION. 

Overlying the Madison limestone in the 
Little Rocky Mountains is a formation made up 
of shale and shaly and sandy limestone (fig. 
2), which was described by Weed and Pirsson. 
A fauna from it, determined by T. W. Stanton 
as Jurassic, consisted of the following forms: 

Ammonite fragments of undetermined species. 
Belemnites densus Meek and Hayden. 
Pleuromya suhcompressa Meek. 
Astarte meeki Stanton. 
Modiola suhimhricata Meek. 

Gryphaea calceola var. nebrascensis Meek and 
Hayden. 

Larger collections from this formation were 
made by H. R. Bennett during the field season 
of 1916 and were identified by J. B. Reeside, jr., 
as follows: 

9832. Sec. 27, T. 25 N., R. 26 E. From shale above thin- 
bedded shale and limestone which overlies the Madison 
limestone: 

Ostrea strigilecula White. 
Belemnites densus Meek and Hayden. 
Pleuromya sp.? 
Indeterminable casts of pelecypods. 
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9832. Sec. 27, T. 25 N., R. 26 E.— Continued. 

Small ammonite distinct from described American 
forms but evidently a cardioceratid. 

9833. Same locality as 9832 but lower in the section: 
Gryphaea calceola var. nebrascensis Meek and 

Hayden. 
Ostrea strigilecula White. 
Pleuromya subcompressa Meek. 
A8tarte7sp. 

Rhynchonella sp. undescribed. 
Belemnites densus Meek and Hayden. 
Serpula sp. undet. 
Fragment of an undescribed ammonite, suggesting 

Perisphinctes. 

9834. Sec. 7, T. 26 N., R. 26 £.. From thin-bedded lime- 
stone above the Madison limestone: 

Fragments of an ammonite suggesting Perisphinctes. 
Gryphaea calceola var. nebrascensis Meek and 

Ha3rden. 
Pleuromya subcompreasa Meek. 
Pholadomya kingi Meek. 
Lima cinabarensis Stanton. 
Cucullaea? sp. cf. C. haguei Meek. 
Camptonectes extenuatus Meek and Hayden. 
Thiacia? sp. like T. arcuata Meek but very much 

larger. 
Rhynchonella sp. undescribed. 
Belemnites densus Meek and Hayden. 
Astarte meeki Stanton. 
Cyprina? sp. 

9835. Sec. 7, T. 25 N., R. 26 E. From shale above thin- 
bedded limestone which overlies the Madison limestone : 

Dosinia? sp. undet. 
Eumicrotis curta Hall. 
Ostrea strigilecula White. 
Belemnites densus Meek and Hayden. 
Weathered casts of undetermined pelecypods. 
Small ammonite distinct ftt>m described forms but 
evidently a cardioceratid. 

These fossils are Upper Jurassic. Most of 
the species are known in the Sundance and 
Ellis formations, but several ammonites and 
a RhyndioneUa are imlike any known Sundance 
forms. 

The detail of part of the Ellis formation 
which has been identified paleontologically 
is as follows: 



Section of Ellis formation. 



Feet. 



Shale with interbedded sandstone and limestone. . 100 d: 
Limestone, thin bedded, shaly, and calcareous 
shale 200 



SOOdb 



Above the shaly portion there is a more or 
less massive sandstone, which is tentatively 
considered as also belonging to the Ellis, 
though no fossils were found in it. It pre- 
sents the following character in sec. 7, T. 25 N., 
R. 26 E.: 



Section of the sandstone in the upper part of the Ellis 

formation. 

Feet. 

Sandstone, massive, white, croas-bedded 60 

Shale, variegated 60 

Sandstone, yellowish, and thinner bedded 100 



200 

The formation is almost identical with the 
Simdance formation of the Black Hills and the 
Ellis of other parts of Montana. As the 
Madison limestone is of Mississippian age, 
there is necessarily an unconformity between 
it and the Ellis (Upper Jurassic), but the 
actual contact of the two formations has not 
been recognized. A photograph (PL II, C) 
taken in the flanks of the Little Rocky Moun- 
tains in sec. 23, T. 26 N., R. 26 E., shows the 
camp situated on the outcrop of the EUis 
formation in the for^round and the outcrops 
of the older formations in the background. 

CBBTACSOUS SYSTEM. 

KOOTENAI (?) FORMATION. 

The sandstone just described is overlain in 
the Little Rocky Mountain section by varie- 
gated shale interbedded with yellow and brown 
sandstones, which are believed to represent the 
Kootenai formation (Lower Cretaceous) of 
other parts of Montana, though they may pos- 
sibly include the Morrison. The shale is in 
places blue, green, red, and gray. The approx- 
imate thickness, as determined by only one 
measurement, is 826 feet. From 100 to 200 
feet above the massive sandstone there is an 
exposure of carbonaceous sandstone and sandy 
shale containing woody fragments and impres- 
sions of poorly preserved stems which may 
represent the coal beds occurring in the Koote- 
nai in the neighborhood of Great Falls or the 
corresponding Lakota of the Black Hills. No 
fossils were found in this part of the section 
during the season of 1916, but Weed and 
Pirsson report that it contains Goniabasis sub^ 
laevis Meek and Hayden, Corbicula cytheriformis 
Meek and Hayden, and an Ostrea. 

COLORADO GROUP. 
MOWBT 8HALB. 

Above the Kootenai ( ?) formation is a well- 
marked siliceous shale (fig. 2) which has been 
recognized at several localities and is the high- 
est formation described by Weed and Pirsson 
in their paper on the geology of the Little 
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Rocky Mountains. When freshly broken it is 
brown or black, but on weathering it becomes 
light colored and breaks into porcelain-like 
debris. It contains numerous fish scales and 
bones, some of which can be found on nearly 
every piece examined, and on some specimens 
the trails of small marine animals, probably 
crustaceans, were also found. Thin sections 
under the microscope show that the material 
of this shale consists of small, angidar grains of 
quartz interbedded with a dark amorphous 
substance, probably carbon. Two distinct 
forms of Infusoria were seen, but their nature 
could not be determined in the material at 
hand. In appearance this shale resembles the 
shale of the Green River formation (Eocene) 
in Colorado and Utah, from which oil may be 
obtained by distillation, but a small fragment 
tested by distillation yielded only a trace of oil. 
On the basis of its lithologic similarity and con- 
tent of fish scales, this shale is correlated with 
the Mowry shale, which occurs at several locali- 
ties in Wyoming and southern Montana. 
Aroimd the Little Rocky Mountains its out- 
crop is -marked by a low ridge covered with 
pines. The thickness of the formation is about 
100 feet. 

COLORADO GROTTP ABOVB THB HOWRY SHALE. 

Above the Mowry shale, in the region sm*- 
rounding the Little Rocky Mountains, there is 
about 325 feet of dark-blue shale which differs 
slightly in color from the dark-gray gumbo 
shale higher in the section. The exposures are 
not continuous, and little can be said of the 
details of this part of the section. 

This shale is overlain by a sandstone capped 
by a foot or more of impure limestone contain- 
ing fossil gastropods and pelecypods which have 
been identified by T. W. Stanton as of Benton 
age. J. B. Reeside, jr., who examined the 
collection, reports the following species: CaUista 
orbicvlata HaU and Meek, Pachymdaniaf sp. 
undescribed, Amauropsist sp. undescribed. 
The stratigraphic position of this sandstone is 
not far from that of the Frontier formation of 
Wyoming and southern Montana. Its thick- 
ness could only be estimated and is given in the 
table as about 60 feet. 

The sandstone noted above is overlain by 
about 875 feet of bluish-gray to black shale, 
much of which is concealed and in which sandy 
{acies if present were not recognized. The only 



fossils found in it were baculites, a few of whichy 
collected from limy concretions, were submitted 
to J. B. Reeside, jr., who reports upon them as 
follows: 

BaeulileM sp., usually referred to B, asper Morton. It u 
quite distinct from the related Pierre B. asper and from B. 
ancepa obtttsus. It has been collected from several locali- 
ties in the Benton of Montana. (Collection 9S41. ) 

MONTANA OBOUP. 
EAOLB (1) 8AVDST0HE. 

The sandstone that lies above the shale just 
described in the region surroimding the Little 
Rocky Mountains is marked by a ridge about 
30 feet high (fig, 2), the top of which is covered 
with large limestone concretions resting on 
sandstone. One poorly preserved specimen of 
Nemodon, referable to an imdescribed species 
from the Claggett near Havre, was found (col- 
lection 9842). The same formation was seen 
at a locality about 3 miles southeast of the 
point where the section was measured, and 
although it was not closely studied it was 
thought to be about 100 feet thick. This 
sandstone is about 750 feet below the base of 
the Judith River formation, and if it is the 
Eagle sandstone it proves that the overlying 
formation varies a great deal in thickness, for 
the Eagle sandstone is described by Stebinger^ 
as being from 350 to 500 feet below the base of 
the Judith River formation. Reports of drill- 
ing northeast of Malta, in the Bowdoin dome, 
seem to indicate that the Eagle sandstone is 
not present there as a mappable unit. 

CLAOGETT SHALE. 

The Claggett shale represents part of a 
marine formation called the Pierre shale in 
regions to the east and southeast, which to the 
west is represented by four formations — ^the 
Eagle sandstone, Claggett shale, Judith River 
formation, and Bearpaw shale. Of these forma- 
tions the Judith River is of fresh-water origin. 
The Claggett shale on the east side of the 
Little Rocky Mountains, where its top and 
bottom are exposed, measures approximately 
750 feet. In the center of the Bowdoin dome 
north of Saco about 500 feet of the upper part 
of the formation is exposed. Stebinger, work- 
ing in the vicinity of Havre, about 90 miles to 
the west, reports the thickness of this formation 

t stebinger, Eugene, Possibilities of oil and gas in north-central 
Montana: U. 8. Qeol. Survey Bull. 641, p. 53, 1917. 
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as from 350 to 500 feet. It consists of a dark- 
gray shale which on weathering forms typical 
gumbo soil. Scattered through the formation 
in many places are concretions or masses of 
impure limestone, many of which contain 
marine fossils, or of aragonite, a mineral re- 
sembling fossil wood. The formation also con- 
tains lai^e flakes of selenite or transparent 
gypsum, and water in wells, springs, or small 
streams in the area of its outcrop is always 
more or less alkaline. This shale forms the 
lower slopes of the valley of Milk River between 
Hinsdale and Malta. Two collections of fossils 
from it were referred to J. B. Reeside, jr., who 
identified one species, Baculites compresstLS Say, 
regarded as characteristic of the Pierre shale. 
About 70 feet of strata in the upper part of 
the Claggett shale appear to form a transition 
zone between the Claggett and the Judith 
River formation. This zone is found on the 
west side of the Bowdoin dome, north of Malta. 
On the north side of the dome, near White- 
water post office, it does not contain the char- 
acteristic sandstone, and it can not be recog- 
nized at all on the east side near Hinsdale. 
The following sections will illustrate this pecul- 
iarity: 

Sections of the transition zone of the Claggett and Judith 

River formations. 

West vi the Bowdoin dono near tlw eenter of T. 31 N., R. SO E. 

Typical Judith River formation. I'm!. 

Shale reeembling the Claggett 50i: 

Sandstone reeembling Judith River formation con- 
taining abundant marine foesils 20db 

Typical Claggett formation. 

70± 



Nortk of the Bewdoin 



In Tfo. 94 end S5 N.. H. S2 B. 



Typical Judith River formation. 

Shale containing fossils similar to those of the marine 

sandstone of the preceding section 50i: 

Typical Claggett shale. 

The following lots of fossils coUected from 
the upper part of the Claggett shale have been 
identified by Mr. Reeside, who finds that they 
are marine forms characteristic of the Pierre 
shale. 

10016. Sec. 32, T. 35 N., R. 32 E.: 
Lunada subcrassa Meek and Hayden. 

10017. Sec. 25, T. 33 N., R. 30 E.: 
Tancrediaamericana Meek and Hayden (fragments). 
Lunatia subcrassa Meek and Hayden. 



9829. North half of T. 31 N., R. 30 E.: 
Cardium speciosum Meek and Hayden. 
Tancredia americana Meek and Hayden. 
Lunatia subcrassa Meek and Hayden. 
Haminea subcylindrica Meek and Hayden. 

9830. Western part of T. 31 N., R. 30 E., south of Assinni- 
boine Creek: 

Anatina sp. undescribed. 
Mactra alta Meek and Hayden. 
Tancredia americana Meek and Hayden. 
Cardium speciosum Meek and Hayden. 
Anchuna sp. undet. 
Lunatia subcrassa Meek and Hayden. 
Placenticeras intercalare Meek. 
Baculites compreasus Say. 

JUDITH RIVX& FOBMATZOV. 

Ahove the Claggett shale lies the Judith 
River formation, est^nated from several im* 
perfect measurements to range from 400 to 426 
feet in thickness. The outcrop of this forma- 
tion surrounds the Bowdoin dome, standing 
out as a light-colored formation in the 
hill south of the railroad from Malta to 
Vandalia and north of the railroad near Yal- 
leytown and Lovejoy. It also crops out in 
one of the surrounding sandstone ridges of the 
Little Rocky Moimtains. It probably extends 
east of the Bowdoin dome beneath the surface, 
at least as far as the mouth of Milk River, 
where it has probably been reached in an ar- 
tesian well at a depth of 750 feet. To the south- 
east the Judith River formation is not recog- 
nizable as a distinct unit, as shown by the gas 
wells sunk on the Glendive anticline. A char- 
acteristic view of the Judith River formation 
is given in Plate III, A, The formation con- 
sists of extremely variable beds of hard brown 
sandstone, soft, friable light-colored sand- 
stone, and light-gray shale; and on account of 
their variabihty no beds were found that would 
serve as horizon markers. In describing this 
formation Stanton and Hatcher ^ say: 

A detailed section taken at any point is of little value, 
since a similar section made at a distance of only a mile or 
two would give a quite different sequence of the alter- 
nating strata of sandstones and shales. 

Some of the details of this formation may be 
seen from two sections which were measured 
in its upper part on the east side of Rock Creek, 
as follows: 

1 Stanton, T.W., and Hatcher, J. B., Geology and paleontology of 
the Judith River beds: U. S. Gool. Survey Bull. 257, p. 34, 1905. 
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Sections of part of the Judith River formation. 
On east canyon wall c»r Rock Creek, In sec 20, T. S4 N., R. S« E. 



Bearpaw sihalc above Judith River formation. 

Sandstone, massive, grayish, with iron concretions 
scattered or in beds; weathers yellowish; some 
red bands cross-bedded 

Shale, brown, in places approaching lignite 

Sandstone, soft, yellowish gray, and gray shale 

Lignite 

Shale, brown 

Shale, gray 

Shale, dark, carbonaceous 

Shale, gray, and sandstone 

Lignite 

Shale, brown 

Shale, gray 

Shale, brown 

Sanstone, soft, with iron concretions 

Shale, sandy, brown 

Sandstone, soft, gray 

Clay, shale gray 

Shale, brown 

Sandstone, soft, gray, and sandy shale 

Sandstone, concretion bed 

Shale, soft, sandy, gray 

Sandstone, iron-concretion bed 

Shale, blue and gray 

Concretions 

Shale, gray 

Shale, brown 

Sandstone, soft, gray and yellow 

Sandstone, massive; weathers brown; arkosic, con- 
taining much feldspathic and ferromagnesian 
material . This bed forms conspicuous ledges 

Sandstone, soft, gray; some shale 

Base of formation not expoeed. 



Feet* 



32 

2 

23 



i 



1 

4 



i 
i 



6 
3 
1 
2 
6 
4 
3 
9 
1 
5 
1 
4 
1 
4 
2 
17 



7 
20 



Bast canyon wall of Reck C^reek, near line between 

R. 86 B., and aec 4, T. SS N.. B. S€ B. 



165 
t2, T. S4 N., 



Glacial gravel. Feet. 
Sandstone, massive, gray; weathers yellow or red- 
dish; some thin beds; cross-bedded 47 

Shale, gray 6 

Sandstone, soft, gray 2 

Shale, gray , 4 

Shale, brown 3 

Shale, gray 2 

Shale, brown 1 

Sandstone, soft, gray 5 

Shale, brown, with 3 inches of lignite 2 

Shale, gray 5 

Shale, brown 6 

Shale, blue 2 

Sandstone, soft 9 

Shale, brown 1 J 

Sandstone, soft, gray 3 

Shale, blue-gray 5 

Concretions 6 

Sandstone, soft, massive, gray 18 



Shale, brown 

Lignite 

Shale, brown 

Shale, blue-gray 

Shale, brown 

Shale, sandy 

Sandstone, concretions 

Shale, gray 

Sandstone, soft, gray 

Shale , dark 

Sandstone, soft, gray, and sandy shale 

Shale, brown 

Sandstone, massive, soft, gray or yellowish, weath- 
ering yellowish; certain beds weather out as mas- 
sive reddish layers or as huge concretions; shows 
some cross-bedding 

Base of formation not exposed. 



Feet 

} 

i 
5 

12 

1 

6 

1 

10 
13 

3 
14 

2 



101 ± 



296± 



The base of this formation is not very defi- 
nitely marked and can not everywhere be 
separated from the upper part of the Claggett 
shale, but its top can be readily recognized in 
the few places where it is well exposed. The 
upper part of the Judith River formation con- 
sists of a massive sandstone in the two sections 
cited and in the neighborhood of the Little 
Rocky Moimtains, and is overlain by character- 
istic Bearpaw shale. At other places in the 
region the massive sandstone is not prominent, 
and in one or two localities a small bed of lignite 
within a few feet of the top has been mined. 
Stanton and Hatcher report a layer of shell 
breccia consisting of shells of Ostrea suhtrigonalis 
near the top of the Judith River formation as its 
most persistent horizon marker, but such beds 
were not seen in the neighborhood of the 
Bowdoin dome. Invertebrate fossils collected 
from the formation during the season of 1916 
have been examined by Mr. Reeside, who re- 
ports that six lots consist of marine forms and 
one lot from the flanks of the Little Rocky 
Mountains contams fresh-water forms of Judith 
River types. The species identified are as 
follows: 

9826. Sec. 36, T. 33 N., R. 37 E., on road: 
Plates of an undescribed barnacle. 
Tancredia americana Meek and Hayden. 
Cardium speciosum Meek and Hayden. 
Protocardia sp.?, large form. 
Mactra sp.? 

Inoceramus sp.?, very yoimg individual. 
Nucula sp.? 
Lunatia subcrassa Meek and Hayden. 
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9826. Sec. 36, T. 33 N., R. 37 E., on road— Continued. 
Of. Trachytriton vinculum Meek and Hayden. 
Scaphitoe sp., fragment suggesting S. nicolleti 

Morton. 
Baculites sp.?, fragment. 
Most of this lot consists of casts lacking essential 
details. The Protocardiaf, LuruUia, and ScaphUes sug- 
gest Bearpaw rather than t^'pical Judith River. 

9843. SW. J sec. 21, T. 33 N., R. 37 E., on Eagle Creek; 
upper part of Judith River formation: 
Liopistha undata Meek and Hayden. 
Pterla nebrascana Edwards and Solander. 
Marine; Pierre fauna. 

41. Sec.4, T. 33 N.,R. 37 E., on Bitter Creek; upper part 
of Judith River formation: 
Natica sp.? 
Mactra sp.? 
Serpula sp.? 

The only fresh-water forms are found in the 
following lot: 

98.37. Sec. 21, T. 25 N., R. 26 E., sandstone about middle 
of Judith River formation at east end of Little Rocky 
Mountains: 

Unio cf . U. primaevus White. 
Unio cf. U. Bupn^bbosus W'hiteaves. 
This lot consists of fragments which suggest a reference 
to the Judith River but are too poor to be conclusive. 
Unio supragibboms occurs in the Canadian 'Belly River 
and in the Judith River formation. U. primaevus is a 
Judith River species. 

Inasmuch as this lot of fresh-water forms is 
from the middle of the formation, while the 
majority of the fossils foimd are marine, it is 
probable that the Judith River formation of 
this area is marine at the top and bottom. 

Bones of fresh-water dinosaurs were collected 
at several localities and were examined by C. 
W. Gilmore, of the National Museum, who 
found them too fragmentary for specific de- 
termination. 

Specimens of petrified wood, described by 
F. H. Klnowlton as that of cone-bearing trees, 
were collected at several places in the Judith 
River formation, but no determinable fossil 
leaves were found. 

This formation contains small lenticular beds 
of lignite or subbituminous coal which are too 
thin to be of value. Local mines from which 
the farmers have obtained a small amount of 
fuel were examined at the points where the fol- 
lowing sections were measured: 

28288*^—19 ^3 



Stctions of Judith River formation in northeastern Montana, 



Location. 



oec. 



21 



T.N. 



15 



16 



12 



32 



6 



20 



9 



9 



33 



33 



R.E. 



33 



32 



32 



34 



34 



34 



33 



34 



35 



35 



28 



28 



37 



37 



37 



37 



37 



36 



35 



35 



35 



34 



34 



34 



32 



34 



Section. 



Ft. in. 
Bearpaw shale. 

Sandstone 20i 

Lignite 8 

Sandstone and shale 15 ± 

Shale, carbonaceous, and 
lignite 2± 

Bearpaw shale. 

Sandstone and shale 59 

Lignite 6 

Sandstone and shale 22 q 

Shale, carbonaceous 2 

Lignite 8 

Shale, carbonaceous 2 

Shale, blue 4 6 

Shale, carbonaceous 6 

Lignite 1 2 

Shale, carbonaceous 6 

Sandstone 10 

Lignite 1 4 

Shale, sandy gray 3 

Lignite, a few inches. 

Shale, gray 5 

Lignite 1 4 

Shale, brown 1 q 

Lignite 6 

Shale, gray 5 

Shale, brown 2 

Lignite 8 

Shale, brown • 4 

Shale, gray. 

Shale, ^y 5 

Lignite 10 

Shale, brown 8 

Shale, gray. 

Shale 10 

Lignite 6 

Shale, brown. 

Shale, gray 1-f 

Lignite 6 

Lignite 8 

Lignite 6-10 

Bearpaw shale. 

Judith River formation 50 ± 

Clay, black, carbonaceous. . 1 6 

Lignite 10 
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The Bearpaw shale, from 800 to 1,000 feet 
thick is, as shown on Plate I, the most wide- 
spread formation exposed in the region de- 
scribed, and overlies the Judith River forma- 
tion. It consists essentially of dark-gray shale 
which forms a gumbo soil and presents an im- 
interesting and monotonous landscape. This 
shale is exposed in many places along escarp- 
ments and canyons and forms badlands which 
lack the variety due to the presence of harder 
beds. A characteristic view of the badlands of 
the Bearpaw shale is given in Plate III, B, The 
fossils are all of marine types; Baculites, Inoce- 
ramus f and oysters are very abimdant, and occa- 
sionally the remains of a gigantic marine saurian 
are found. The formation in places contains 
limy concretions, in which the lime is in the 
form of aragonite showing cone in cone struc- 
ture or appearing like the stumps of large trees. 
Calcite also is present in many of these con- 
cretions, and smaller masses of barite were 
noted in several localities. The formation con- 
^ tains more or less gypsum, which at some 
places is transparent and at others occurs in 
uncrystallized forms replacing the calcite of 
oj^ter shells. The water from the Bearpaw 
shale, Uke that from the Claggett, is usually 
alkaline. 

The following invertebrate fossils were col- 
lected during the field season of 1916 and were 
identified by J. B. Reeside, jr.: 

9826. SW. i sec. 22, T. 33 N., R. 37 E.: 
Inocenkmufl sageimiB Owen. 

Heteroceias sp. related to H. newtoid Meek but 
probably undeecribed. 
Pierre faima; fcasils not distinctive of Bearpaw shale. 

9827. Sec. 36, T. 36 N., R. 36 E.: 
Ostrea patina Meek and Hayden. 

So far as known this form is confined to the Bearpaw 
shale. 

9828. Sec. 5, T. 36 N., R. 26 E.: 

Chlamys nebrascensis Meek and Hayden. 
Baculites compressus Say. 
Cf. Trachytriton vinculum Say. 
Membranipora sp. undeecribed (identified by R. S. 
Bassler). 
Pierre fauna. 

9838. Sec. 21, T. 25 N., R. 26 E.: 
Ostrea patina White 

9839. Sec. 21, T. 25 N., R. 26 E.: 
Inoceramus sagensis Owen. 
Baculites sp., fragments. 

Pierre fauna. 



10020. Sec. 10, T. 23 N., R. 36 E., 150 to 200 feet below 
top of Bearpaw shale: 

Scaphites nodosus var. plenus Meek. 
Baculites compressus Say. 
Cyprimeria? sp., single weathered individual. 
Pierre fauna. 

10021. Southwestern part of T. 23 N., R. 36 E., 50 to 100 
feet below top of Bearpaw shale: 

Baculites compressus Say. 
Pierre fauna. 

10024. Northeastern part of T. 23 N., R. 34 E., 60 feet be- 
low top of Bearpaw shale, on Timber Creek: 

Baculites compressus Say. 
Pierre fauna. 

10025. T. 26 N., R. 34 E., along Larb Creek; middle of 
Bearpaw shale: 

Baculites sp., fragments. 
Pierre fauna. 
10028. T. 24 N., R. 41 E., near top of Bearpaw shale: 

Inoceramus sagensis Owen. 

Protocardia subquadrata Edwards and Solander. 

Anomia sp., fragments. 

Yoldia evansi Meek and Hayden. 

Lunatia sp., fragments. 

Dentalium gracile Meek and Hayden. 

Anchura sp., fragment. 

Actaeon attenuatus Meek and Hayden. 

Scaphites sp., probably young S. nodosus plenus 
Meek. 
Bearpaw shale. 

Parts of skeletons of two large marine reptiles 
collected in this region, one found several 
years ago by Ira Taylor, were submitted to 
C. W. Gilmore, who identified one of them 
(from sec. 23, T. 37 N., R. 35 E.) as consisting 
of nimierous parts of vertebrae, limb bones, 
fragmentary teeth, jaws, and other fragments 
of a large plesiosaurian reptile; and the other 
(from sec. 23, T. 34 N., R. 38 E.) as consisting 
of numerous vertebrae and other parts of the 
skeleton of a mososaurian reptile. Neither of 
these forms was otherwise determinable. The 
remains of both animals are found only in 
marine or brackish-water formations 

TEBTIABT ( f) SYSTEM. 
LANCE FORMATION. 

The Lance formation, which overlies the 
Bearpaw shale, as here identified, is composed 
of two more or less distinct members in the 
eastern and southern parts of the region 
described. In the northwestern part, in the 
Cherry Ridge quadrangle, the exposiu*es are 
too meager to indicate their character. 
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The lower member has been described by 
Dawson,* who estimated the thickness at 80 
feet and referred it to the Fox Hills sandstone. 
Figure 4, reproduced from Dawson's report, 
shows the relation of the two members near 
the international boundary northwest of 
Opheim. The lower member is here composed 
of yellowish and rusty sands grading into 
arenaceous clay toward its base. It is charac- 
terized by lai^e, irregular sandy concretions 
which in places approach a more or less spheri- 
cal form and are slightly darker than the pre- 
vailing color of the formation. So far as the 
writer knows marine fossils have not been 
obtained from this member within the region 
described. Rose,^ in his description of beds 
he designated Fox Hills sandstone in the 
Wood Moimtain district of Canada, gives a 
list of the fossils found by R. G. McConnell in 
beds designated Pierre and Fox Hills forma- 



South Dakota. Small exposures of this mem- 
ber are found in T. 37 N., R. 40 E., and T. 35 
N., R. 44 E., where it is similar in lithologic 
character to the rocks northeast of Opheim. 
In the Larb Hills, in the southern part of the 
region described, a similar member having a 
thickness of about 100 feet where measured 
in sec. 13, T. 24 N., R. 32 E., rests upon the 
Bearpaw shale and is capped by a harder 
sandstone. The same succession of beds is 
exposed south of Missouri River, where Brown' 
reports collecting 14 species of marine inverte- 
brate fossils, identified as the Fox Hills fauna, 
from concretions foimd on Hell Creek. He 
further reports * that in the same valley, 20 
feet below the base of the sandstone he calls 
Fox Hills, the remains of a large trachodont 
dinosaur were discovered. The specimen was 
foimd in place partly embedded in a large 
calcareous concretion that was weathered out 




FiouKB 4.— Seotton In tedlands scmth of Wood MotmtAin, Saskatchewan, Canada, showing the relation of Fort Union formation (a), upper 

part -of Laooo formation (5), lower part of Lanoe formation (c), and Bearpaw shale (d). 



tions in the Cypress Hills, but as no effort is 
made to distinguish between the formations 
the list is probably of little value. 

A very good exposure of yellowish sand- 
stone, resembling that at the boundary, covers 
2 or 3 square miles in and around sec. 34, T. 
36 N., R. 39 E. In this sandstone, which 
surely lies only a short distance above the 
Bearpaw shale, was foimd a well-preserved 
fossil bone which Gilmore identified as "the 
proximal half of the left ischium of a trachodont 
dinosaur. So far as it can be compared it 
appears identical with the same element in 
Trachodon annectens Marsh, from the Lance 
formation.'' The finding of this fossil justifies 
the beUef that the lower part of the Lance is a 
fresh-water deposit and should not be classified 
as the Fox Hills sandstone, which in the type 
locaUty is marine. It may, however, be con- 
temporaneous with the Fox Hills sandstone of 

1 DawBon, G. M., Geology of the 49th parallel, British North American 
Boundary Gommission, Montreal, 1876. 

* Rose, Bmoe, Wood Mountain-WUlowbunch coal areas, Saskatche- 
wan: Canada Geol. Sorrey Mem. 89, p. 22, 1910. 



and broken. The humeri were still covered 
with shale and well preserved. 

This member northwest of Opheim is prob- 
ably the same as that found on Missouri River 
in the southeastern part of the region here 
described and called the Fox Hills sandstone 
by Smith.* (See PI. IV, A.) It is described 
in a later report by Beekly* as the Colgate 
sandstone member of the Lance formation, 
consisting of 50 to 150 feet of buflF sandstone 
interstratified with somber-colored and yellow 
clay. The type locality is the vicinity of Col- 
gate station on the Northern Pacific Railway, 
described by Calvert.^ 

The upper member of the Lance formation is 
composed of shale and argillaceous sandstone 
and is characteristically of somber color. Its 

a Brown, Bamum, The Hell Creek beds of Montana: Am. Mus. Nat. 
Hist Bull. 23, p. 827, 1907. 

« Idem, p. 826. 

• Smith, C. D., The Fort Peck Indian Reservation lignite field, Mont.: 
U. 8. Oeol. Survey Bull. 381, p. 42, 1908. 

> Beekly, A. L., The Culbertaon lignite field. Valley County, Mont.: 
U. S. Geol. Survey Bull. 471, pp. 329, 330, 1912. 

' Calvert, W. R., Geology of certain lignite fields in eastern Montana: 
U. 8. GeoL Survey BuU. 471, pp. 194, 105, 1912. 
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thickness is from 180 feet northwest of Opheim 
to 250 feet where measured in the Larb Hills. 
At some places the argillaceous sandstone shows 
cross-bedding, due to wind action while it was 
being deposited (PI. IV, S). Its erosion re- 
sults in many picturesque badlands or isolated 
pinnacles capped by hard concretions (PI. 
V, -4) or interesting corrugated forms resem- 
bling organ pipes (PI. V, B) . The Lance forma- 
tion in many places contains logUke sandstone 
concretions and carries near its top one or more 
somewhat irregular hgnite beds. The bed 
mined northeast of Opheim has a maximimi 
thickness of about 6 feet; that near Daleview 
is over 12 feet thick and extends with varying 
thickness throughout the outcrop of the Lance 
formation on Big Muddy Creek. In other 
parts of the region there are lignite beds too 
thin to be of commercial value. 

Brown * has described numerous fossil ver- 
tebrates, mostly dinosaurs, the most striking of 
which is the large three-horned Triceraiops, 
which he collected from the south side of Mis- 
souri River opposite the Larb Hills. Frag- 
ments of dinosaur bones collected in 1916 from 
the Lance formation in the Larb Hills were not 
good enough to be specifically determined. 
C. W. Gilmore reports that a small collection 
made northwest of Opheim in sec. 23, T. 37 N., 
R. 39 E., consists of 

foot bones, vertebra, chevrons, etc., of TIteacelosaurus 
neglecttts Gilmore; caudal vertebra of a carnivorous dino- 
saur, not determinable; two fragments of a turtle shell, 
probably pertaining to the genus AspidonUs. The pres- 
ence of Theseelosaurus negleetus would indicate that these 
fossils came from the Lance formation, for the four or Gve 
specimens of the genus known at this time are all from 
the Lance. 

A single vertebra collected near the top of 
the Lance formation in sec. 27, T. 37 N., R. 
46 E., is that of Champosaurua sp., character- 
istic of both the Lance and Fort Union forma- 
tions. 

Several small coUections of invertebrate 
fossils, made in the Larb Hills, have been iden- 
tified by Mr. Reeside as follows: 

10022. Sec. 29, T. 24 N., R. 35 E. 
Unio brachyopisthus. 
Unio holmesianus. 

- - - - — — — — ■ 

1 Brown, Bamum, op. clt., pp. 823-S45. 



10023. Sec. 29, T. 24 N., R. 36 E. 

Unio cf. U. brachyopisthus White. 
Sphaerium subellipticum Meek and Hayden. 
Viviparussp., fragment. 

10026. Sec. 29, T. 24 N., R. 35 E. 
Tulotoma thompsoni White. 

10027. Sec. 25, T. 25 N., R. 34 E. 

Sphaerium subellipticum Meek and Hayden. 
Campeloma multiUneata Meek and Hayden. 

All are probably from the Lance formation. 

Fossil wood from the Lance formation has 
been identified by Knowlton as that of conifer- 
ous trees, but no identifiable fossil plants were 
collected. 

TEBTIABT SYSTEM. 
FORT UNION FORMATION. 

Overlying the somber-colored shale of the 
Lance formation is the Fort Union formation, 
of Eocene age, which is exposed along the 
North Dakota line and extends more or less 
continuously westward as far as Opheim. 
It carries the principal lignite beds of the region 
and also contains widely distributed beds of 
clay and shale ' suitable for the manufacture of 
brick and other clay products. The formation 
is composed of fine-grained sandstone and 
shale and is distinguished from the Lance 
formation by the prevailing light-yellow color. 
Like the Lance formation, it has, especially in 
its lower part, concretions of hard sandstone 
resembling fossil logs. (See PL VI, 0.) Obser- 
vations made along the contact of the Lance 
and Fort Union formations indicate that the 
change in color is not always noticeable at 
exactly the same horizon. The mapping of 
the contact of these formations on Plate I is 
based on the judgment of the geologists making 
the examination in each locality. According 
to Beekly ' the thickness of the Fort Union 
remaining at the southeast end of the region 
mapped is about 1,400 feet. The lower part 
is probably equivalent to the Lebo shale mem- 
ber of the Fort Union, described by Rogers.* 
The following section of the Lance and Fort 

> Rose, Bruce, Wood Hountain-Willowbcmch ooal areas, Saskatche- 
wan: Canada Oeol. Survey Mem. 89, pp. 09-83, 1910. Bauer, C. M., 
Clay in northeastern Montana: U. S. Geol. Survey Bull. 540, pp. 369-^72, 
1914. 

s Beekly, A. L., The Culbertson lignite field, VaUey County, Mont.: 
U. S.' Geol. Survey Bull. 471, pp. 326, 331, 1912. 

* Rogers, O. S., The Little Sheep Mountain ooal field, Dawson, Caster, 
and Rosebud counties. Moot.: U. 8. Geol. Survey Bull. 631, pp. 12, 13, 
1913. 
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Union formations exposed from Redstone to 
Plentywood (PI. I) is much generalized: 

Generalized section of the Lance and Fort Union formationa 
between Redstone and PUntyv}Oodf Mont, 

Fort Union formation: Ft. in. 

Sandstone and 8hale 81 

Lignite 6 

Sandstone and shale 67 

Shale 52 

Lignite, Kichardson bed 6± 

Sandstone and shale more or less concealed 320 ± 

Lignite, upper Eagles Nest bed 6 3 

Shale and sandstone, yellowish bO± 

, Lignite, lower Eagles Nest bed 4 

Shale and sandstone, yellowish 70 

Lignite 10 

Shale and sandstone, yellowish 19 

Lignite 1 2 

Shale and sandstone, yellowish 18 

Lignite 4 

Shale, grading upward into sandstone, 

yellowish 20 

Lignite 1 6 

Shale and sandstone, yellowish 60 ± 

Lignite, Redstone bed 6 

Shale and sandstone, yellowish 22 

Lignite 2 

Lance formation: 

Shale and sandstone, somber color 30 

Lignite 1 10 

Shale and sandstone, somber color 27 

Lignite 6 

872 ± 

The following generalized section of the Fort 
Union and its lignite beds as exposed on Mis- 
souri River in the southeastern part of the 
region is taken from Beekly's report:* 

Generalized section showing the distribution of lignite beds 

in the Fort Union formation. 

Calbertsoti field, 2 mllea east of Lekealde. 

Ft. In. 

Clay and shale 125 

Lignite, bed H 4 

Clay and shale 70 

Lignite, bed G 4 

Clay and sandy shale 150 

Lignite 1 10 

Sandstone and clay 30 

Lignite 1 2 

Sandstone and shale 55 

441 



CaliMrtMn field, see. S, T. 27 N., R. 66 E. 

Lignite, bed F 7 

Sandstone and shale 45 

Lignite, bed E 6 

1 Beekly, A. L., op. dt., p. 331. 









Pt. in. 

Sandstone with some shale 121 

Lignite 1 

Sandstone and shale 24 

Lignite, bed DD 4 4 

Sandstone and shale 70 

Lignite, bedCC 2 5 

Sandstone and clay 130 

Lignite 5 7 

416 8 

Fort Peck field west of Big Muddj Craek. 

[C. D. Smith, 1908.1 

Clay 6 

Lignite, bed D 9 

Sandstone and clay 95 

Lignite, bed C 2 

Sandstone and clay 115 

Lignite, bed B 3 

Sandstone and clay 275 

Lignite 5 

Clay 15 

Lignite, bed A 7 7 

Somber-colored beds (Lance). 

532 7 

1,390 3 

The following section, measured in sec. 18, T. 
24 N., R. 33 E., shows the relations of the Fort 
Union, Lance, and Bearpaw formations in the 
L^b Hills: 

Section showing the relation of the Fort Union^ Lancey and 
Bearpaw formations in the Larb Hills, Mont. 

Fort Union formation: pt. in. 

Sandstone, yellowish 50 

Lignite 3 

Sandstone, soft, yellowish 20 

Lignite 1 

Sandstone, soft, yellowish 11 

Lignite 1 

Sandstone, soft, yellowish 20 

Lignite 6 

109 3 

Trance formaticm: 

Shale and sandstone, somber color 50 

Lignite 6 

Shale and sandstone, somber color; con- 
tains dinosaur bones 100 

Concealed 100 

Shale, sandy 100 

Bearpaw shale. 

350 6 

459 9 

The relations of these sections are shown 
graphically in figure 5. 

Full descriptions of the lignite beds in each 
township are given in other reports.' 

s U. S. Oeol. Survey BuU. 381, pp. 40^S9, 1910; Bull. 471, pp. 319-358, 
1912; Bull. 541, pp. 293-315, 1914; and a report not yet published. 
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The following small collections of fossil 
plants have been examined by F. H. Bixowlton, 
who reports that they are of Fort Union age: 

7001. Sec. 3, T. 35 N., R. 44 E.: 

Sequoia nordenskioldii Heer. 



Onoclea sensibiliB foanliB Newberry. 
Trapa microphylla Lesquereux of Ward. 
Selaginella collleri Knowlton.^ n. sp. 
Potamogeton n. sp. 
7005. Canada, near the north line of sec. 4, T. 37 N., R. 
49E.: 



Richardson bed 



Upper Eagles Nest 
Lovwer Eagles Nest 



Redstone bed 
Contact 



Lance formation 



Colgate(?)sandstone 
member 



BedH 
Bed 6 



Bed F 
Bed E 



Bed DD 
Bed CO 



Bed 



BedC 



Bed B 



Bed A 



Lance formation 



Colgate sandston* member 



I 



Ft. Union formation 
(sandstone, snate.and 
lignite; yelhw b»di) 



< Phillips bed 
Thin bed 



* Lance formation 
(somb«r sandstone and sHaU. 
and lignite above) 



Yellow sandstone and shale 
(Colgate(?)sandstone member) 

Bearpaw shale 



too 
I I I I I I 



too 



zoo 

.JL- 



300 
I 



400 500 Feet 
_j I 



Fiouai 6.— Oeneralized sections of Fort Unioa and Lance fonnatlons, showing their relation to the Bearpaw shale from its outcrop ncnrthwest of 
Ojihelm to Plenty wood, Mont. (A); north of Missouri River from Brockton to the Dakota line (B); and In the Larb Hills, in T. 24 N., R. 33 

E. (C). 



Glyptoetrobus ungeri Heer. 

Dicot>'ledon, gen. and sp.? 
7002. NE. J sec. 31, T. 36 N., R. 45 E.: 

Sequoia nordenskioldii Heer. 
7004. Sec. 33, T. 37 N., R. 47 E.: 

Alga. 



Onoclea sensibilis fossilis Newberry. 
Taxodium occidentale Newberry. 
Sequoia nordenskioldii Heer. 
Platanus sp. 



t Knowlton, F. H., A new fossil Sdagtnetti from the lower Tertiary of 
Montana: Torreya, vol. 16, pp. 101-103, 1916. 
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7506. Canada, near the north line of aec. 4 — Continued. 

Grewia sp. 

Peraeasp. 
7006. SE. i sec. 21, T. 36 N., R. 52 E.: 

Taxodium occidentale Newberry. 

Sequoia nordenskioldii Heer. 

Grewia pealei Ward. 
7272. NE. i sec. 36, T. 37 N., R. 39 E.: 

Sequoia nordenskioldii Heer. 

Glyptostiobus europaeus Unger. 

Fragments of a dicotyledon. 

Collections of invertebrates, on which T. W. 
Stanton has reported, were made at the follow- 
ing localities: 

9837. SW. i sec. 6, T. 35 N., R. 45 £.: 
Unio sp. fragments. 
Campeloma producta White. 
Campeloma multilineata Meek and Hayden. 
Fort Union. 

9380. T. 36N., R. 46E.: 
Yivipanis sp. 

Probably Fort Union. 

9381. Sec. 13, T. 34 N., R. 50 E.: 
Uniosp. 

Campeloma multilineata Meek and Hayden. 
Fort Union. • 

FLAXVILLE ORAYEL. 

With the Fort Union the conformable series 
stops, and the formations representing the later 
history of the region are surficial deposits of 
rather small extent laid down during favorable 
intervals between great time breaks when 
erosion was prevalent and no sediments were 
deposited. 

The Flaxville gravel,* shown in several areas 
along the international bomidary, is a few feet 
to 100 feet thick and caps a series of plateaus 
upon eroded surfaces of the Fort Union, Lance, 
and Bearpaw formations at altitudes ranging 
from 2,600 feet at the east end to 3,200 feet 
at the west end of the region described, near the 
international boundary. It is composed of 
gravel, sand, clay, volcanic ash, and marl and 
in places is cemented with calcite. The gravel 
consists of pebbles derived from the quartzite 
and argillite of the Rocky Mountains. 

Fragments of fossil vertebrates foimd at 25 
widely distributed localities have been sub- 
mitted to J. W. Gidley, who states that the 
beds which contained them can not be older 
than Miocene or younger than early Pliocene 
and that they are probably upper Miocene. 

> CoiUer, A. J., and Thom, W. T., Jr., The Flaxville gravel and Its 
lelatioo to other high terrace gravels of the northern Great Plains: U. 8. 
0«oL Survey Pxt>f. Paper 106, pp. 170-184, 1917 (Prof. Paper 106-J). 



The time break between the Fort Union forma- 
tion (Eocene) and the Flaxville gravel (Mio- 
cene) is in part represented by the Oligocene 
deposits foimd on a still higher plateau in the 
(Cypress Hills in Canada, 50 miles away. 

TEBTIABT OB QUATEBNABT SYSTEM. 

LATB PLIOCENE OR EABLT PLEI8TOOENE 

DEPOSrrS. 

■ 

Below the Flaxville level there are extensive 
areas across which the present streams have 
eroded valleys from 100 to 500 feet in depth. 
Stratified silt and gravel arQ to be found in a 
very few places on this level, and from one of 
these exposures of gravel in sec. 23, T. 33 N., 
R. 35 E.y a single fossil tooth was collected 
which Dr. Gidley identified as that of a horse 
resembling the living species. As the gravel 
from which it came is clearly older than the 
last advance of ice during the glacial epoch, the 
formation is r^arded as of either late Pliocene 
or early Pleistocene age.' 

Extensive benches slope gently away from 
the Little Rocky Mountains at several levels. 
These benches are capped with gravel contain- 
ing many pebbles of limestone and porphyry 
derived from the neighboring moimtains and 
are almost surely of Tertiary age, for in some 
places the gravel on them is overlain by glacial 
drift. The lowest bench is probably equivalent 
to the late Pliocene or early Pleistocene bench 
in the region north of Milk River with which 
it is tentatively correlated. The presence of 
imdissolved limestone pebbles seems to forbid 
the assignment of these benches to an earlier 
period. 

QITATXBKABT SYSTEM. 
ALLUVIUM OP PBEOI^OIAL BIVERS. 

Since late Pliocene or early Pleistocene time 
streams have been at work eroding the present 
valleys. The effects of this erosion can be seen 
in the escarpments north and south of Milk 
River between Tampico and Malta, where at 
one place 300 feet of beds belonging to the 
Claggett and Judith River formations, capped 
by late Pliocene or early Pleistocene gravel, 
are exposed. The cutting of the river valley 
must have occurred early in Pleistocene time, 
when the valley of Milk River was occupied by 

* Idem, p. 182. 
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a much larger river; the Missouri/ and along 
its banks and flood plains gravel, silt, and 
sand were deposited. Some of this material 
can be seen in pits northwest of Saco and north 
of Malta. The gravel here differs from the 
Flaxville gravel in that it contains numerous 
fragments of porphjry. 

Similar deposits occur at several points in 
the first benches above the flood plain of the 
Missouri between Milk River and the North 
Dakota Une, and are best exposed where gravel 
pits are operated by the Great Northern Rail- 
way. In the summer of 1917 a pit was oper- 
ated at WoK Point, where a new freight divi- 
sion of the railway was being installed and 
where the photograph reproduced in Plate 
VI, B, was taken. Wolf Point lies about 25 
feet above the Missouri, and the gravel pit is 
in the second bench, about 20 feet higher. 
The section exposed is about as follows: 

Section exposed in gravel pit at Wolf Point. 

Feet. 
SoU, with a few scattered granite boulders on the 

surface 1 

Glacial till, containing granite cobbles 5 

Gravel, chiefly quartzite but containing fragments 

of sandstone, porphyry, and near the bottom shale. 13 
Shale, Bearpaw. —■ — 

19 

The gravel is interstratified with lenses of 
sand, and the bedding planes are nearly hori- 
zontal. The gravel consists for the most part 
of well-rounded pebbles of quartzite, probably 
derived from the Flaxville gravel, but it con- 
tains some pebbles of porphyry and fragments 
of sandstone and of f ossiliferous Bearpaw shale 
near the bottom. A thorough search failed to 
reveal any glacial material such as granite 
pebbles. It was evidently deposited by Mis- 
souri River in preglacial time, for it is overlain 
by glacial till containing many more or less 
angular fragments of granite. Another gravel 
pit 2 miles west of Brockton shows finely lami- 
nated sand. The bedding at the west end of 
the pit lies nearly horizontal, whereas that at 
the east end dips east about 70®. The sur- 
face has been eroded irregularly and is covered 
with glacial till to a maximum depth of about 
15 feet. The bottom of this pit is about 40 
feet above the present river level. 

1 Calhoun, F. H. H., The Montana lobe of the Keewatin ice sheet: 
U. S. Geol. Survey Prof. Paper 50, pp. 34-45, 1906. 



GLACIAL MORAINES AND DRIFT. 

Overlying the gravel in the Milk River 
valley as well as the Flaxville gravel and all 
the higher benches described there is in many 
places a sprinkling of glacial boulders, among 
which specimens of limestone from Lake Win- 
nipeg and of granite from the Hudson Bay 
region are abimdant. One large limestone 
erratic about 20 feet long was found by 
W. C. Alden and the writer just north of 
Nelson Reservoir. At the time this glacial 
drift was introduced the Missouri was probably 
forced out of the Milk River valley and com- 
pelled to flow through a narrow valley south 
of the Larb Hills. When the glacial epoch 
was over and the ice sheet had retreated for 
the last time the waters that could collect in 
the old channel formed Milk River, which flows 
in a very meandering course over the old valley 
floor. In addition to the scattered boulders 
there are in the northern part of this region 
accumulations of glacial material in which the 
topography is suggestive of moraines. There 
are also in the southern part of the region some 
large areas covered by till or boulder clay. 

ALLUVIUM. 

Soil of various kinds, brought in since the 
glacial epoch, has been deposited along Milk 
River and other streams of the region. On the 
flood plains of Milk River there is usually a 
gumbo soil, derived from the shale of the 
country, which forms a sticky mud when wet. 
The river has brought down a small quantity 
of sand in some places, and where this is 
deposited the soil is more easily cultivated than 
the gumbo. 

Milk River since the retreat of the ice has 
trenched its flood plain about 10 or 12 feet, 
developing intricate meanders, and back of the 
river there are oxbow lakes which show the 
extent of the flood plain. 

Big Muddy Creek, in the eastern part of the 
region, flows in a valley cut from 100 to 300 feet 
below the late PUocene or early Pleistocene 
bench. Its flood plain is about a mile wide 
and is covered with fine silt, which provides 
the material that doubtless suggested the 
name for the creek and makes it difficult to 
cross on account of the muddy banks. The 
gravel terraces, from 20 to 50 feet above the 
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flood plain, were probably fonned by the large 
river that occupied the Big Muddy Valley and 
received its water and load of sand and gravel 
directly from the front of the glacier to the 
north, near the end of the glacial epoch.^ 
Along Eagle, Beaver, and Whitetail creeks, 
tributaries of the Big Muddy, there are at many 
places beaver dams, above which are long strips 
of flood plain called beaver-dam land. 

The alluvium along the forks of Poplar 
River consists largely of reworked Flaxville 
gravel, and because of this gravel the streams 
can be easily forded at nearly all places. 

Rock Creek has a long, narrow canyon so 
precipitous that it was considered to be too 
roiigh to survey by the surveyors of the Land 
Office. The upper end of this canyon is near 
B&rr post office, above which the valley is 
broad and filled with alluvium. 

Frenchman Creek, by far the largest stream 
entering Milk River from the north, rises far 
to the northwest in Canada and after crossing 
the international boundary flows in a com- 
paratively narrow valley which has probably 
been eroded since the last glacial advance. 
The flood plain along it is in general narrower 
than the flood plains of most of the other 
streams. 

Whitewater Creek, farther west than French- 
man Creek, was probably situated in about its 
present course before the advance of the large 
Wisconsin glacier. Its valley is at least a mile 
wide and is filled by an extensive glacial 
moraine. Cottonwood Creek in its lower part 
has a comparatively narrow flood plain; the 
upper part of its course is called Woody Island 
Coulee. The water in this coulee apparently 
at one time flowed eastward and entered the 
valley of Whitewater Creek, but its old channel 
was blocked with glacial drift, and only one or 
two lakes are left to indicate its former position. 

Beaver Creek, which enters Milk River from 
the south, occupies a broad valley bedded with 
silt, making the stream difficult to ford. The 
lower part of this valley coincides with that of 
the Musselshell, which before the advance of 
the Wisconsin glacier flowed into the Missouri 
in the valley of Milk River. The upper part 
of the valley of Beaver Creek from T. 27 N., 
R. 30 E., to the Cobum ranch, in T. 25 N., R. 
26 E., is largely filled with glacial till, in which 

> Rose, Bruce, Wood Mottntain-Willowbimch coal area, Saskatchewan: 
Oanada Geol. Survey Mem. 80, p. 50, 1916. 



the creek is at places intrenched about 20 feet. 
In preglacial time it probably reached the old 
channel of the Missouri by way of Alkali Creek. 
For about 12 miles from T. 27 N., R. 30 E., to 
T. 26 N., R. 32 E., Beaver Creek occupies a 
narrow valley cut in the Bearpaw shale. 

Larb Creek, east of Beaver Creek, occupies a 
very broad valley, and its bed is cut in allu- 
vium. There is an easy pass from its head 
over the divide to the present course of the 
Missoiui, as there is also from Beaver Creek. 

SOIL OP THE UPLANDS. 

The soil on the plateau surfaces of the region 
varies with the character of the underlying 
rock. The most interesting soil is that which 
caps the Flaxville gravel. This soil is from a few 
inches to several feet thick and has a slightly 
dark color. It is bound together by grass 
roots in its upper part and contains the bones 
of the bison. With the exception of that on 
the Boundary Plateau, this soil does not appear 
to contain much glacial material. South of 
Glasgow there is an extensive upland surface 
beneath which lies the Bearpaw shale, but 
here there is a sandy soil which owes its origin 
in part to the advance of the ice. Over much 
of the western part of the area there is a gumbo 
soil derived directly from the Bearpaw shale 
which it overlies. The soil on the Larb Hills is 
sandy, being derived from the disintegration 
of the Lance formation underlying it, mixed 
with a small amoimt of glacial material. The 
soil overlying the Judith River formation is 
sandy and not quite so good as that which 
overlies the Fort Union and Lance formations. 

In the parts of the region covered by glacial 
moraines many small lakes have been filled 
since the retreat of the ice. The filling is gen- 
erally grass and other plants that have grown 
in the water, together with materials that have 
blown from the sides. These old lake beds are 
in many places used for farm lands. In the 
lai^e moraine-covered area, which has its cen- 
ter aroxmd Whitewater Creek a great many of 
these lakes are still unfilled, and water persists 
in them throughout the average sxmmier. 

STRUCTURE. 

The Bowdoin dome,' northeast of Malta, in 
the western part of the region, is the most 
obvious structural feature, and from it the 

s Collior, A. J., The Bowdoin dome, Montana, a possible reservoir of 
oU or (u: U. S. Oeol. Survey BuU. 661, pp. 19a-200, 1917 (Bull. 661-E). 
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strata dip awaj in all directions. The dips are 
usually less than 1**, and where they have been 
determined by careful inBtnimental surveys 
they are best recorded in feet to the mile. The 
Little Rocky Moimtains, about 40 miles south- 
east of the Bowdoin dome, present an abrupt 
uplift of the strata accompanied by an intru- 
sion of igneous rocks, forming a laccolith, but 
this disturbance does not extend far from the 
base of the mountain. The beds around this 
uplift are tilted at angles in some places as high 
as 70°. The relation of the Bowdoin dome to 

• _ 

the structure prevalent in the Little Rocky 
Moimtains is shown in figure 6. 

In the area immediately surroimding the 
Bowdoin dome the field work has not been in 
sufficient detail to ascertain whether or not 
there are minor structural features, but such 
featiu'es are known to exist in the eastern part 
of the region. The Poplar dome, on Missouri 
River, described by Smith,* is evidently such a 



ing a maximum width of about 2 miles is pres- 
ent. In the valley of Big Muddy Creek simi- 
lar variations occur in the strike and dip. 
Such features probably are present in the west- 
em part of the region but they are very diffi- 
cult to find becaiise most of the rocks exposed 
are shale, in which it is practically impossible 
to trace individual beds for any distance. 

Two small faults having a displacement of 
less than 15 feet each may be seen on the north 
side of Coal Creek in T. 37 N., R. 45 E., and a 
third fault of similar proportions displaces one 
of the lignite beds near the northwest corner 
of T. 36 N., R. 52 E. No other faults are 
known in either the eastern or the western part 
of the area of flat-lying beds, though they may 
be present. In the escarpments of the Flax- 
ville plateau and the late Pliocene or early 
Pleistocene bench large blocks of strata may 
break away from their natural position and 
slump, giving the appearance of a condition 



NW. 




FiouRB 6.— Relations of the Bowdoin dome to the structure prevalent in the Little Rooky Mountains, Mont, a, Madison limestone; ft, Ellis 
formation; e, Kootenai (7) formation; d, Colorado group; e, Eagle (?) sandstone; /, Claggett shale; g, Judith River fdrmatloa; h, Bearpaw shale. 



feature, as it brings up a lai^e eUiptical area of 
Bearpaw shale nearly surrounded by the Lance 
formation. The formations immediately con- 
cerned dip away from it in all directions. The 
lignite beds along the river east of Brockton dip 
eastward at about 100 to 135 feet to the mile. 
In directions other than east of the dome, 
where its presence only intensifies the general 
dip, its effect does not reach farther than 15 
miles away and probably the dips are much 
lower than those to the east. Similar small 
undulations of the strata can be inferred from 
the distribution of the Lance and Fort Union 
outcrops north of the Poplar dome, and several 
such features, which are not readily detected, 
were found in the course of mapping the Ug- 
nite beds. 

In the vicinity of Scobey, where the general 
dip of the rocks is toward the east, there is a 
westward dip for about a mile. Northeast of 
Scobey, south of Coal Creek, a small dome hav- 

1 Smith, C. D., The Fort Peck Indian Reservation lignite aeld, Mont., 
U. S. Oeol. Survey BulL 381, p. 44, 1910. 



which might result from faulting. This has 
occurred at many places in the Judith River 
formation around the Bowdoin dome. Faults 
of great displacement were seen in the Little 
Rocky Mountains and in the writer's opinion 
are common there, but they can not be de- 
scribed without fiurther work in the field. 

A word should be said in regard to the struc- 
ture of the Larb Hills. Calhoun ' makes the 
statement that these hills represent a dome 
whose character is similar to that of the Little 
Rocky Moimtains but which is not eroded suf- 
ficiently to expose the underlying rocks. This 
statement is incorrect, for the Larb Hills are 
simply an outlier of the large area of Lance and 
Fort Union rocks exposed south of Missoxui 
River, and the strata here have a uniformly 
low dip to the south. It is assumed, there- 
fore, that Calhoim did not make a personal 
examination of these hills but relied on infor- 
mation obtained from some other source. 

t Calhoun, F. H. H., op. cit., p. 12. 
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The major part of the present structure in 
both the large flat-lying portions of the forma- 
tions and the highly upturned portions in the 
Little Rocky Mountains was introduced sub- 
sequent to the deposition of the Fort Union 
formation and before that of the OUgocene 
gravel in the Cjrpress Hills, for this gravel rests 
unconformably upon the eroded surfaces of 
the Fort Union, Lance, and Bearpaw forma- 
tions indiscriminately. In other words, this 
revolution occurred in late Eocene time. 
That a minor part of the folding may have 
been accomplished since the deposition of the 
FlaxviUe gravel is indicated by the fact that 
some of the streams in the eastern part of the 
region occupy synclinal valleys and by the ab- 
sence of the Flaxville gravel between Opheim 
and the Boundary Plateau, it being assumed 
that an uplifted portion of the plateau wotdd 
be more subject to erosion than the lower- 
lying part. 

ADJUSTMENTS OF DRAINAGE. 

Most stream adjustments in northeastern 
Montana are due to the invasion of ice during 
the glacial epoch. One of the most obvious 
features of this kind can be seen on Wolf 
Creek, a tributary of the Big Muddy, for its 
headwaters have been diverted and captiu*ed 
by the South Fork of Eagle Creek, largely 
because of glacial drift piled across its valley 
in sees. 8 and 9, T. 34 N., R. 51 E. Reference 
has been made to the change in the course of 
Woody Island Coulee, in T. 36 N., R. 28 E., by 
the filling up of its valley with glacial drift 
and to a possible old course of the headwaters 
of Beaver Creek by way of Alkali Creek to 
Milk River, a short distance above Malta. 

The most pronounced stream adjustment 
in this region, however, is the diversion of 
Missouri River from the Milk River valley, 
which Calhoun ^ has described. The present 
valley of the Missomi south of the Larb Hills 
is practically a canyon 800 feet deep and not 
more than 2 miles across from rim to rim, 
whereas its old valley, now occupied by Milk 
River, is much broader and shallower. Before 
the river was diverted Musselshell River flowed 

1 CtXhaon, F. H. H., op. clt., pp. 34-45. 



into it by way of the lower portion of the 
Beaver Oeek vaUey. By this change about 
70 miles of the lower part of Musselshell River 
was diverted. Larb Creek was probably a 
much larger stream heading south of the 
Missouri and passing through the Larb Hills 
by way of the Timber Creek valley. The 
glacier from the north filled the whole of the 
Milk River vaUey and was thick and active 
enough to cover the Larb Hills with glacial 
drift. At its front the great volume of water 
due to melting ice and an attendant moist 
climate easily eroded a new channel in the 
soft Lance formation and Bearpaw shale. A 
view south across the gorge of the Missouri, 
700 to 800 feet in depth, is shown in Plate 
VI, A 

An old channel of the Missomi from Cul- 
bertson to Lakeside, which is followed by the 
Great Northern Railway, and a broad depres- 
sion extending from the Big Muddy Valley 
at Medicine Lake northwestward, crossing the 
State boundary about 6 miles south of the 
Canada line, have been described by Beekly.' 
The course of the depression is marked by a 
chain of shallow intermittent lakes. Bauer ■ 
has assumed that this feature also is an old 
channel of the Missouri, in which it flowed 
northward to Hudson Bay by way of Souris 
and Assinniboine rivers before the glacial 
epoch. The south end of this depression 
near Poplar has recently been inspected by 
Alden, who states ^ that its floor is about 200 
feet above that of the present valley of the 
Missouri, and that its topography blends 
with the long slopes which characterize the 
early Pleistocene or late Pliocene bench of this 
region. Alden suggests that the river probably 
occupied this valley as long ago as the PUo- 
cene epoch and that it was diverted at the 
time of the first invasion of ice early, in the 
Pleistocene. The late PUocene or early Pleis- 
tocene gravel described on pages 35-36 was 
probably laid down in or near the channel of 
one of the streams which contributed to form 
this river. 

> Beekly, A. L., The Colbertson lignite field, Mont.: U. 8. Oeol. Survey 
BuU. 471, pp. 320-323, 1912. 

> Bauer, C. M., A sketch of the late Tertiary history of the upper Ids- 
sourl River: Jour. Oeology, vol. 23, pp. 62^58, 1916. 

* Alden, W. C, oral communication. 



DEPOSITS OF CLAIBORNE AND JACKSON AGE IN GEORGIA. 



By Charles Wtthe C!ook£ and Harold Kurtz. Shearer. 



INTRODUCTION. 

In 1911 the Geological Survey of Georgia 
published as Bullet'm 26 a '^ Preliminary 
report on the geology of the Coastal Plain of 
Geoi^gia/' by Otto Veatch and Lloyd WiUiam 
Stephenson, prepared in cooperation with the 
United States Geological Survey under the 
supervision of T. Wayland Vaughan, geologist 
in charge of Coastal Plain investigations, who 
contributed the determinations of the inverte- 
brate fossils of the Tertiary and Quaternary 
formations. Although this report constituted 
a decided advance in our knowledge of the 
geology of the Coastal Plain of Geoi*gia, it 
was admittedly of reconnaissance character, 
and corrections and additions to it were to be 
eKpected. During the last few years field work 
has been prosecuted vigorously in the Coastal 
Plain of Georgia, and the additional informa- 
tion thus accumulated throws Ught upon 
certain problems of stratigraphy left unsolved 
by Veatch and Stephenson and alters con- 
siderably some of their correlations. The 
object of the present paper is to present the 
new evidence regarding the age and correlation 
of the Eocene formations of Georgia and to 
revise in accordance with present knowledge 
the descriptions of the deposits of Claiborne 
and Jackson age. 

SUMMARY OF EOCENE AND LOWER OUGOCENE 
FORMATIONS AS KNOWN TO 1911. 

The chapters on the Eocene and lower Olig- 
ocene formations in the Coastal Plain report 
will be briefly summarized. Veatch and Ste- 
phenson recognized the following formations: 

Lower Oligocene: 

Vicksbuig fonnation. 
Eocene: 

Jackson fonnation. 
Claiborne group. 
Barnwell sand. 
McBean formation. 

Congaree clay member (at base). 
Wilcox formation. 
Midway formation. 



The Midway and Wilcox formations are 
confined to the region west of Perry, Houston 
County. East of Perry both formations are 
overlapped by younger strata. 

The McBean formation of Veatch and 
Stephenson consists mainly of clays in the 
nature of fuller's earth, of mark, sandy Ume- 
stones, and calcareous glauconitic sands. An 
extensive marine fauna containing many 
characteristic lower Claiborne moUusks occurs 
in the marls on McBean Creek, Biu*ke County, 
and also in the lower part of Shell Bluff on 
Savannah River. A series of fuller's earth 
grading into calcareous clay which is exposed 
at short intervals from Grove town, Columbia 
County, southwestward along the Fall Line 
to Bibb and Twiggs counties, was correlated 
on lithologic grounds with Sloan's Congaree 
''phase" of the South Carolina Eocene and 
designated the ''Congaree clay member of the 
McBean formation." 

The Barnwell sand, correlated with Sloan's 
Barnwell "phase" in South Carolina, consists 
laigely of unconsoHdated red and varicolored 
sands, with some indurated beds of gray sand- 
stone and lumps of siUcified Hmestone or flint. 
They stated that it overlies directly the McBean 
formation and is in contact with both the 
marls and the "Congaree" clay member of 
that formation, but the nature of the contact 
had not been satisfactorily determined. In 
places the Barnwell overlaps the McBean 
formation and rests directly upon the Lower 
Cretaceous. It carries a marine fauna which 
contains a ntmiber of species in common with 
the Gosport sand of Alabama (upper Clai- 
borne) and was correlated with that formation. 

The Jackson formation as originally mapped 
by Veatch and Stephenson included a small 
patch on Chattahoochee River, a small out- 
lier on the Cretaceous at Rich Hill, Crawford 
County, and a long, narrow area running from 
a point about 8 miles southwest of Sanders- 
viUe to a point 6 miles east of Montezuma. On 
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the map accompanying the report on the 
ground waters of the Coastal Plain of Georgia 
by the same authors ^ this area was extended 
into southwestern Sumter County. 

The Vicksburg formation of Veatch and 
Stephenson included besides strata of true 
Vicksburg age the great mass of limestone 
underlying the lower drainage basin of Flint 
and Chattahoochee rivers and forming the 
northern extension of the Ocala limestone of 
Florida. 

RECENT INVESTIGATIONS AND THE INCEPTION 
OF THE PRESENT WORK. 

The recent discovery that the Ocala lime- 
stone is of Jackson age ^ has largely increased 
the known areal extent of the deposits of that 
age, at the expense of the Vicksburg formation. 
The area of deposits of Jackson age has been 
further extended by Brantly,* to include most 
of those parts of Wilkinson and Twiggs coim- 
ties formerly mapped as Claiborne. Brantly 
also expressed the opinion that the ^^Congaree" 
clay of previous reports seems to be the con- 
tinuation of the Jackson limestone and fuller's 
earth of Houston County.* The same opinion 
concerning the stratigraphic relations of the 
**Congaree" clay was reached by H. K. Shearer, 
assistant State geologist, in the course of field 
investigations of the fuller's earth deposits of 
Georgia,' but as the published correlation of 
the '*Congaree" clay with the Claiborne group 
seemed to be supported by as good paleonto- 
logic evidence as the correlation of the lime- 
stone with the Jackson, he was imcertain to 
which epoch the fuller's earth deposits prop- 
erly belong. 

At the request of Prof. S. W. McCallie, State 
geologist of Georgia, C. Wythe Cooke was as- 
signed by the United States Geological Survey 
to accompany Mr. Shearer over the field, with 
the object 6{ reconciling the discrepancies be- 
tween the apparent stratigraphic relations of 
the deposits in eastern and central Georgia as 
determined by Messrs. Brantly and Shearer and 

» U. 8. Geol. Sonrey Watcr-Supply Paper 341, pi. 3, 1915. 

* Cooke, C. W., The age of the Ocala limestone: U. 8. Oeol. Survey 
Prof. Paper 96, pp. 107-117, 1915. 

s Brantly, J. E., Report on the Ihnestones and marls of the Coastal 
Plain of Georgia: Georgia Oeol. Bumj Bull. 21, 1916. 

« Idem, p. 8. 

» Since the completion of this manuscript Shearer's report on the 
bauxite and fuller's earth of the Coastal Plain of Georgia has been pub- 
lished as Bulletin 31 of the Georgia Geological Survey. He has adopted 
the correlations proposed here. 



the ages indicated by previously published lists 
of fossils. 

Field work was done by the writers jointly 
from March 20 to April 19, 1916, and during 
that time all the most significant known ex- 
posures of Eocene strata in the region between 
Flint and Savannah rivers were visited and 
collections of fossils were made wherever 
possible. 

The succeeding fortnight was spent by Mr. 
Cooke in visiting the type localities of the South 
Carolmian Eocene for the purpose of determin- 
ing the propriety of applying the names Con- 
garee and Barnwell to geologic formations in 
Georgia. Mr. Shearer subsequently examined 
the Oiaibome deposits in Georgia west of Flint 
River. The results of Mr. Cooke's previous 
(1914) studies of the Ocala limestone are also 
incorporated in this paper. 

The writers are indebted to Prof. E. W. 
Berry, of Johns Hopkins University, and to 
Dr. R. S. Bassler, of the National Museum, for 
reports on the plant remains and Bryozoa, 
respectively, and to Dr. Joseph A. Cushman 
for identifications of the Foraminifera. The 
other fossils collected in the course of this 
investigation have been identified by Mr. 
Cooke, who has also had the privilege of ex- 
amining the collections in the National Museum 
upon which were based the correlations pub- 
lished in the preliminary report on the geology 
of the Coastal Plain of Georgia. The present 
paper was prepared imder the direction of T. 
Wayland Vaughan, geologist in chaise of 
Coastal Plain investigations of the United 
States Geological Survey, who has given it 
continuous personal attention and has made 
a number of suggestions that have been adopted 
by the writers. 

CRITICAL SECTIONS AND EOCENE FAUNAS OP 

EASTERN GEORGIA. 

DBT BRANCH. 

In the vicinity of Dry Branch, Twiggs. 
Coimty, are good exposures of Eocene beds 
which were referred to the Claiborne group by 
Veatch and Stephenson, on the basis of 
Vaughan's identifications of the fossils, but 
which later discoveries have shown to be of 
Jackson age. The following section is typical. 
The formation names used are those adopted ia 
this report. 
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Section at the mi7U$ of (he Oeorgia Kaolin Co,y t miles east 

of Dry Branch. 

Vicksbuig or Bftmwell formation: Feet. 

7. Red sand, capping hill, about 80 

Barnwell formation (Twiggs clay member): 

6. Greenish-gray fuller's earth (buff when 

dry) 3(M0± 

Ocala limestone (Tivola tongue): 

5. Impure white aigillaceous limestone, 
grading into fuller's earth. Pinches 
out toward the north and northwest and 
is absent in the northwestern part of the 
quarry. Contains many Bryozoa. Sep- 
arated from the underlying bed by a 

somewhat irr^ular contact 0-5 

Barnwell formation (lower part): 

4. Yellow sand with black carbonaceous 
stains. Contains a few large bones of 

BasHosaurus cetoides (Owen)* 1- 2J 

3. Yellow to red sand, medium coarse, irreg- 
ularly bedded 12 

2. Gray sandstone with calcareous cement, 
loaded with casts of moUusks. Pinches 
out at north end of quarry, where the 
kaolin is overlain by glauconitic sand. . 0- 2 
Unconformity. 
Lower Cretaceous: 

1. White kaolin 15-20 

The fossils collected from the basal Eocene 
at this locality are listed below. 

Station 7691. Pit of Georgia Kaolin Co., 2 miles east of 
Dry Branch, Ga. Bed 2 of section. Basal sandstone 
immediately overlying the Lower Cretaceous. Cooke 
and Shearer, collectors, 1916. 

Levifusus trabeatus (Conrad)? 

Levifusus sp. 

Ficus filius (Meyer). 

Turritella sp. 

Mesalia vetusta' (Conrad) . 

Calyptiaea sp. 

Nucula magnifica Conrad. 

Leda cf . L. mater Meyer. 

Leda cf. L. plicata (Lea). 

Leda regina-jacksonis Harris? 

Glycymeris staminea (Conrad)? 

Glycymeris sp. 

Barbatia cuculloides (Conrad). 

Ostrea trigonalis Conrad. 

Ostreasp. 

Pteria limula (Conrad)? 
, Panope porrectoides (Aldrich). 

Corbula oniscus Conrad var. 

Corbula densata Conrad. 

Phacoides (Miltha) pandatus (Conrad). 

Phacoides alveatus (Conrad) var. 

Phacoides (Here) sp. , 

Tellina, 2 sp. 

Macomasp. 

Metis sp. 

Tageliis sp. 

Meretrix securiformis (Conrad)? 

Protocardia nicoUeti (Conrad). 

> IdMitifled by C. W. QOmora. 



Many of the moUusks in this list occur in 
both Claiborne and Jackson deposits, but 
Ficus JUius, Leda mater, Leda regina-jackaonis, 
Ostrea trigorudis, Meretrix securiformis, and 
Protocardia nicoUeti are particularly charac- 
teristic of the Jackson and are rare or unknown 
in older beds. Mesalia vetusta, which had been 
previously thought to be confined to the upper 
Claiborne (Gosport greensand horizon), has 
recently been found at the base of the Jackson 
formation at Sims, Yazoo County, Miss. 

BasUosaurus cetoides, the zeuglodon, which 
occurs in bed 4, is so far as known confined to 
the Jackson, and in most places is most abun- 
dant near the top. 

According to R. S. Bassler, the Bryozoa in 
bed 5 constitute a fauna peculiar to the middle 
Jackson. The same f aima occiirs at Rich Hill, 
Crawford County, and numerous other locali- 
ties in central Georgia and will be referred to 
for convenience as the Rich Hill f acies of the 
Jackson fauna. 

The fuller's earth of bed 6, a greenish hackly 
clay of low specific gravity, resembles the beds 
exposed at numerous localities in central and 
eastern Georgia and referred by Veatch and 
Stephenson to the *'Congaree" clay member 
of the McBean formation. 

The red sand at the top of the section was 
correlated by Veatch and Stephenson with 
the Barnwell sand, and the imderlying beds 
were placed doubtfully with the McBean for- 
mation.' 

Certain problems in stratigraphy, which the 
authors cited were unable to explain under 
the supposition that the strata near Dry 
Branch are of Qaibome age, vanish immedi- 
ately when it is discovered that the deposits 
are of Jackson age. For instance, they say:' 

According to Dr. Vaughan the evidence of the fosails 
■hows that Jackson strata occur near the mines of the 
Georgia Kaolin Co., 2 miles southeast of Dry Branch. 
There is an exposure of 15 feet of soft white argillaceous 
marl in a small ravine one-half mile southeast of the clay- 
working plant, which contains Bryozoa and other fossils 
and is similar lithologically to the marl at Rich Hill. It 
lies 10 to 15 feet above the white clay beds of the Cre- 
taceous and is overlain by 125 feet of bluish or drab lami- 
nated sandy clay and red sand, the clay containing thin 
slabs of quartzlte or sandstone. In this vicinity Claiborne 
fossilifexous strata occur at both higher and lower levels 
than this marl, and the presence of Jackson beds in this 

* Veatch, Otto, and Staphenaon, L. W., Geology olthe Coastal Plain 
of Oeorgia: Georgia QwA, Surrey Bull. 26, p. 266, 1911. 

* Idem, p. 304. 
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XXMition implies either a deep erosion unconformity be- 
tween the two formations or a flexure. Exposures in this 
vicinity, so far as they have been examined, afforded no 
evidence of an unconformity or of any faulting or folding 
of the beds. Further detailed field work is necessary to 
solve this problem of stratigraphy. 

The problem has been solved by the dis- 
covery that the beds higher and lower than 
the marl are Jackson and not Claiborne. 

SOUTH OF PEBBT. 

Other localities which presented diffictdties 
to Veatch and Stephenson are Mossy Hill and 
Ross Hill, in Houston County. These hills 
are a few miles apart on the escarpment south 
of Mill and Flat creeks, which extends north- 
eastward, approximately parallel to the gen- 
eral strike of the fonnations of the Coastal 
Plain in this part of the State. Ross Hill is 
crossed on the road from Perry to Elko, 3 
miles south of Perry, and Mossy Hill lies on the 
National Highway (the road from Perry to 
Henderson) about 5.7 miles southwest of Perry. 

The entire section at Ross Hill, with the 
exception of 10 feet at the top, was referred by 
Veatch and Stephenson to the Jackson forma- 
tion, and this correlation was supported b} 
lists of fossils identified by Vaughan. The 
following section measured by the writers is 
in essential agreement with that of Veatch and 
Stephenson.^ The base of the section is 25 
feet above Mill Creek. 



Section on Perry-Elko road at Rots Hill. 



Feet. 



Oligocene (?) : 

Vickshuig formation (?): 

7. Concealed to edge of plowed field on top 
of hill, which rises a few feet higher. 
The surface is strewn with lumps of 

sparingly fossiliferous chert 15 

Eocene (all of Jackson age) : 
Barnwell formation: 

6. Soft cream-colored to yellow sandy lime- 
stone with casts of fossils. Lunularia 
distans, Endopachys^ Calyptraea, Leda, 

and Pecten 4± 

5. Light-colored Limestone at hase; upper 
part concealed but with debris of soft 
limestone with Periarchua pilewhsinen- 

sis and Bryozoa 15 

4. Hackly cream-colored calcareous clay 

(fuller's earth) with lime concretions. 24 
Ocala limestone (Tivola tongue): 

3. Cream-colored limestone, soft when 
fresh, with a hard ledge at bottom. 
Has been quarried in part. Contains 
Pecten perplanua and many Bryozoa. . 7J 

1 Op. cit., p. 301. 



" Section on Perry-Elko road at Rou HUl — Continued. 

Eocene (all of Jackson age) — Continued. Fc«t. 

Ocala limestone (Tivola tongue) — Continued. 
2. Soft greenish-yellow limestone, speckled 
with glauconite and with locally in- 
durated nodules or ledges. Very ar- 
gillaceous toward the top and con- 
tains numerous soft, irregular lime 
concretions. Bryozoa 7J 

I. Pale cream-colored soft limestone, re- 

plete with Bryozoa (Rich Hill fades 
of Jackson fauna). Hard ledges near 
the top. Contains also Periarchiu 
pileus-nnerma. Exposed east of the 
road 38 

The foUowing section was measured in a 
gully on Ross Hill about 300 yards west of the 
Perry-Elko road. The top of the hill here is 
probably 40 feet or more higher than at the 
road. The base of the section is by barometer 
40 feet above the bridge over Mill Creek. 

SectUm on Ron HiU SOO yard$ weU of Perry-Elho road. 

Oligocene (?): 

Vicksbuig formation (7): Feet. 
14. Red sand with "buckshot" femigi- 
nouB liunps. Fragments of fossilifer- 
ous chert on top : 30 

Eocene: 

Barnwell formation (Twiggs clay member) : 
13. Glauconitic clay and fuller's earth, 

poorly exposed. . . ^ 15± 

12. Glauconitic grains in a matrix of yel- 
lowish, calcareous clay. Pecten sp., 
etc 2i± 

II. Gray hackly clay (fuller's earth); upper 

2 feet containing lenses or nodules of 
glauconitic material resembling bed 

12 7i± 

10. Lens or nodule of greenish-gray lime- 
stone with casts of Corbida, probably 

C. wailesiana 1 

9. FuUer'searth 4 

8. Limestone 1 

7. Calcareous fuller's earth 15 

6. Continuous ledge of gray limestone 

with poorly preserved moUusks i 

5. Calcareous fuller's earth containing 

soft, white chalk nodules 3} 

4. Hard light-gray limestone, softer at 
bottom. Contains some Bryozoa, 
Flabellum, Tvrritella carinata^ Mesa- 
lia vetiuta, Pecten, Meretrix^ and * 

Periarchiu pileiu-ainensis 3 

3. Hackly cream-colored calcareous clay 
(fuller's earth). The base of this bed 
is the same as the base of bed 4 of 

preceding section 35 

Ocala limeatone (Tivola tongue) : 

2. Soft axgillaceous limestone loaded with 
Bryozoa (Rich Hill facies of Jackson 
fauna). Contains also Ostrea trigo- 

nalis and Pecten per planus 7 

1. Hard and soft ledges of limestone with 
Bryozoa, Pecten perplanuSf and Peri- 
archiu pileus-nnetisis very abundant. 17 
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Bed 4 is particularly sigmficant ia that it 
shows the presence of TurrUeUa carinata and 
Mesalia vetusta, which were considered by 
Vaughan to be diagnostic upper Claiborne 
fossils, well above the base of the deposits of 
Jackson age. 

The geologic conditions at Mossy Hill appear 
to be simitar to those at Ross Hill, but the ex- 
posures are less complete. The foflowing sec- 
tion, exposed in and near an old quarry about 
100 yards east of the National Highway, ex- 
tends from a gully below the quarry to a level 
bench on the road. 

Section at Mosay Hill. 

Oligocene, Vicksburg fonnadon: 

13. Red argillaceous sand with chert fragments, 
commencing at a level bench on the 
National Highway and capping the up- 
land area to the south SO 

Eocene: Barnwell formation (Twiggs clay member): 
12. Mostly concealed, but interbedded fuller's 
earth and bryozoan limestone are exposed in 
a giilly east of the road a few feet below the 

bench 25 

11. Yellow to green, partly indurated glauconitic 

marl 5 

10. Calcareous clay resembling fuller's earth, with 

a locally indurated stratum at top 5} 

9. Impiu^ yellowish limestone with casts of 

fossils 2J 

8. Concealed 6 

7. Clay or fuller's earth with chalk concretions.. 2 

6. Concealed 14 

5. Calcareous fuller's earth, exposed on road- 
side 3 

4. Hard limestone } 

3. Calcareous fuller's earth 2J 

2 Argillaceous fossiliferous limestone with hard 

ledges; quarried 11 

1. Gray calcareous clay with lime nodules below, 
grading upward into fuUer's earth with lime 
nodules; exposed in gully below quarry. . . 21 

From bed 2 the following species were 
obtained: 

Station 7682. Quarry on Mossy Ilill. Cooke and Shearer, 
oUectors, 1916: 
Endopachys sp. 
Lunularia distans (Lonsdale). 
Turritella carinata Lea . 
Mesalia vetusta (Conrad). 
Leda cf. L. plicata (Lea). 
Glycymeris sp. 
Pecten perplanus Morton. 
Phacoides alveatus (Conrad). 
Miltha claibomensis (Conrad). 
Dentalium sp. 

28288^—19 4 



The stratum immediately below the bed 
from which these species were ooUected con- 
tains Bryozoa which R. S. Bassler refers to 
the horizon of the deposits of Jackson age at 
Baldock, S. C. The stratum in the quarry 
from which the fossils were collected seems 
to be identical with bed 4 of the section on 
Ross Hill west of the Perry-Ellko road. Not 
only are the species, so far as they oan be 
identified, the same, but the rocks in which 
they are embedded look aUke, and the sec- 
tions both above and below the fossiliferous 
zone are similar. Moreover, the topographic 
relations of the two locaUties are such as to 
indicate that the beds at both are at the same 
horizon, provided, of course, that there are 
no structural disturbances, of which there is 
no evidence. 

In the Coastal Plain report* the lower part 
of the section at Mossy Hill was referred to the 
Claiborne group on the basis of ooUections of 
fossils made by T. W. Vaughan and S. W. 
McCallie. The species collected by Vaughan 
at Mossy Hill are listed as follows: 

Flabellum cimeifozme Lansdale. 

TurbinoUa pharetra Lea. 

Endopachys maclurii (Lea). 
*TiUTitella carinata Lea. 
^Mesalia vetusta (Conrad). 

Calyptraea aperta (Solander). 

Dentaliimi thalloides Conrad. 

Nucula ovula Lea. 

Leda sp. 

Ledasp. 

Glycymeris idoneus (Conrad)? 
*Phacoides alveatus (Conrad). 

Venericardia, 2 or 3 sp. 

Cytherea sp. 

Craseatellites sp. 

Corbula oniscus Conrad or wailesiana Harris. 

Corbula densata Conrad? 
Geologic horizon, Claiborne. Species marked * are 
not known from the Jackson. 

It will be noted that the only species checked 
as not known from the Jackson are Turritdla 
carincUa, Mesalia vetusta, and Phacoides (dveor- 
tus. The first and second have sinoe been 
found in the beds of Jackson age at Ross Hill, 
and the second and third at the mine of the 
Georgia Kaolin Co. One of the undeter- 
mined species of Leda listed occurs also at the 
latter place. 

1 Veatch, Otto, and Stephenson, L. W., op. cit., pp. 25^-260. 
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The fossils collected by McCallie are listed 
as follows: 

Turbinolia pharetra Lea. 

Flabelliim cimeifonne Lonsdale. 

Plejona petioea (Conrad). 
*Turritella carinata Lea. 

Mesalia vetusta (Conrad). 

Dentaliiim thalloides Conrad. 

Nucula ovula Lea. 

Leda. 
♦GlycymeriB trigonella (Conrad). 

Fteria sp. 
♦Phacoides alveatus (Conrad). 
♦Phacoides aff . P. claibomensis (Conrad). 

Venericardia planicosta Lamarck. 
*Venericardia alticoetata (Conrad). 

Cytherea sp. 
^Crassatellites protextus (Conrad). 
♦Corbnla oniscufl Conrad. 
^Pteropsis lapidosa (Conrad). 

Species marked * are not known from beds above 
the Claiborne. Pteropsis lapidosa is characteristic of the 
lower Claiborne. 

This does indeed look like a Claiborne fauna, 
and with the data then available Vaughan was 
perfectly justified in referring these fossils to 
the Claiborne group; but, as we shall see later, 
nearly all the species checked have since been 
found associated with Jackson fossils. The 
exception to these is Pteropsis lapidosa, which 
elsewhere seems to be confined to the lower 
Claiborne. As this collection of fossils appar- 
ently is not now in the National Museum, the 
identifications of the species could not be 
checked nor could the matrix be examined to 
ascertain whether there had been accidental 
mixture of specimens from different localities. 

There is some uncertainty as to the locality 
at which the fossils ascribed to Mossy Hill were 
obtained. According to Veatch and Stephen- 
son,* Mossy Hill is on the Perry-Elko road ^ 
miles south of Perry, a location corresponding 
nearly with that of Ross Hill. However, as 
there seems to be little doubt that the horizon 
is the same as that from which the writers ob- 
tained TurriteUa carinata and Mesalia vetusta, 
the exact locality is of no particular importance. 

YICmiTT OF GIBSON. 

A collection made by the writers from sand- 
stone ledges exposed on the hillside east of 
Rocky Comfort Creek, on the Brassell prop- 
erty, 2 miles northeast of Gibson, Glascock 

1 Op. dt., p. 258. 



County, shows the presence .in Georgia of a 
fauna not previously recognized east of Arkan- 
sas. The fossils are preserved in the form of 
hollow molds or siliceous pseudomorphs, some 
of which have weathered out of the sandy 
matrix. The rock, which is an indiu*ated 
facies of the basal sand bed of the Eocene that 
is of widespread distribution in this part of the 
State, is exposed to a thickness of 3 or 4 feet 
but probably extends somewhat deeper. It 
lies not far above the Cretaceous, but the con- 
tact is not exposed here. The fossils collected 
are enumerated in the accompanying list, in 
which the initials C and J signify that the 
species so marked occur elsewhere in Claiborne 
and Jackson deposits, respectively. 

Station 7710. Braasell property, 2 miles northea£(t of 
Gibson, Glascock County. Cooke and Shearer collec- 
tors, 1916. 

CJ Flabellum cuneiforme Lonsdale. 

J Astrhelia bumsi Vaughan? 
CJ Cancellaria gemmata Conrad. 

OHvella sp. 
CJ Maiginella semen Lea? 

PailocochliB mccalliei (Dall). 
CJ Lapparia pactilis (Conrad). 
CJ Plejona petrosa (Conrad). 
J Levifusus brannerl Harris. 
CJ Levifusus trabeatus (Conrad). 
CJ Mazzalina inaurata (Conrad) var. 
Fusinus aff. F. bellus (Conrad). 
J Murex marks! Harris. 
CJ Pseudoliva vetusta (Conrad). 
CJ Calyptraphorus velatus (Conrad). 
Cerithium sp. 
J Ficus filius (Meyer). 
CJ TurriteUa carinata Lea. 
CJ Mesalia vetusta (Conrad). 
CJ Natica minima Lea. 
J Natica permunda Conrad? 

DentaUum sp. 
J Leda r^inarjacksonis Harris. 
CJ Leda multilineata Conrad? 
CJ Glycymeris staminea (Conrad) 
CJ Pteria limula (Conrad). 
Crenella sp. 
Pectcn n. sp. 
CJ Corbula densata Conrad. 
CJ Phacoides (Miltha) claibomensis (Conrad)v 

Phacoides sp. 
CJ Crassatellites protextua (Conrad) var. 

Crassatellites n. sp? 
CJ Macrocallista perovata (Conrad)? 
CJ Venericardia planicosta (Lamarck). 
C Venericardia alticostata Conrad var. 

To this list should be added the following, 
which were obtained with other fossils from 
the same horizon at station 7711, on the east 
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side of Deep Creek, 3^ miles northeast of Gibson 
and about 1} miles from the Brassell locality: 

J Turritella clevelandia Harris. 

Leda plicata (Lea) var. 

Trinacria? ep. 
J Corbula wailesiana DalL 

The section there is as follows: 

SeetUm on roadside eaU of Deep Creek, S^ miJea northeoMt of 

Gibmm. 

Eocene (Barnwell formation): Feet. 

7. Mottled red or orange-colored sand 50± 

6. Fuller's earth with sand laminae 11 

5. Unconsolidated sand similar to No. 4 5 

4. White or gray foasillferous sandstone like that 

on Brassell property 6 

3. Gray clayey sand 4 

2. Concealed 10 

Cretaceous: 

1. Kaolin and wliite sand 15 

This fauna, which occurs within 15 feet of 
the Eocene-Cretaceous imconfonnity, bears a 
remarkably close resemblance to that occurring 
at White Bluff and Crowleys Ridge, Ark., 
which was formerly referred to the Qaibome 
group but is now correlated with the lower 
Jackson.^ It is rather surprising to encoimter 
such species as Levifusua iranneri, Mwrex 
marksij and Turritella devdandia, which are 
typical of the Jackson deposits in Arkansas, 
so far east of their previously known range; 
but their presence, as well as the general aspect 
of the faima, is good evidence that the beds 
containing them occupy approximately the 
same stratigraphic position. The presence of 
AstrJidia bumsi, FicusfliuSj Natica permuTtda, 
Leda regina-jacTcsonis, and Corbula vxiUesiana 
affords strong additional evidence that the 
deposits are of Jackson age. 

It will be noted that this list, which is much 
more comprehensive than any previously com- 
piled from this region, contains nearly all the 
species that were considered by Yaughan to be 
diagnostic of the upper Claiborne. There are, 
in addition, a few species that are abundant 
at this horizon in Geoigia but have not yet 
been found elsewhere. Among these may be 
mentioned PsUocochlia mccaUiei and an xmde- 
scribed species of Pecten which has hitherto 
been confused with Pecten wUcoxii and P. 
wahtubbeanvs. 

Fossils representing this same horizon and 
embedded in a similar matrix of gray sandstone 

1 Stephenson, L. W., and Crider, A. F., Geology and ground waters 
of northeasteni Arkansas: U. 8. Oeol. Survey Water-Supply Paper 399, 
pp. 73-84, 1916. 



which were collected by McCallie on the Eng- 
lish plantation, 1^ miles north of Gibson, were 
referred by Veatch and Stephenson ^ to the 
McBean formation. The revised list follows: 

Station 3943. English plantation, 1} miles north of 
Gibeon. S. W. McCallie, collector, 1904. 
Flabellum cuneifonne Lonsdale. 
Endopachys maclurii (Lea). 
Mazzalina inaurata (Conrad). 
Plejona petroaa (Conrad). 
Turritella clevelandia Harris. 
Turritella sp. 
Pecten n. sp. 
Pteria limula (Conrad)? 
Panope sp. 

Phacoides (Miltha) claibomensis (Conrad). 
Venericardia alticostata Conrad var. 

The same fauna has. been recognized at 
several localities between Glascock and Bibb 
coimties and is usually found in more or less 
indurated gray sandstone resembling that near 
Gibson. All these exposures were referred 
by Veatch and Stephenson to the Qaibome 
group — some to the McBean formation, others 
to the Barnwell sand. 

BROWNS MOUNTAIK AND VICINITY. 

At Browns Mountain, Bibb Coxmty, 9 miles 
southeast of Macon, the strata were referred to 
the Barnwell sand.' 

At this locality the main exposures consist of 
about 20 feet of hard gray sandstone, part of 
which appears to grade into sandy limestone. 
It contains fossils that are locally abxmdant 
but are not very well preserved. Above the 
sandstone are poor exposures of bryozoan 
limestone with Pecten perplanusf. Beneath 
the sandstone are incomplete exposures of 
fuller's earth and sand. 

The relations are more evident on a hill 
on the Marion road, four-tenths of a mile 
southwest of Bond's store, where the following 
section was observed: 

Section on Marion road 9 miles southeast of Macon. 

Eocene: Feet. 

6. Hard sandstone and quartzite, to top of hill. . . 7 

5. Mottled plastic clay 3 

4. Red sand 4 

3. Soft fossiliferous sandstone 0-4 

2. Basal conglomerate; white kaolin pebbles in 
cross-bedded sand . Contact with Cretaceous 
not precisely located because of lithologic 

similarity 55 

Cretaceous. 

1. Coarse whit* kaolinic sand to stream level 65 

s Op. dt., p. 273. * Idem, pp. 258-260. 
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Stratum 3 of the section consists of a discon- 
tinuous ledge of sandstone which in places is 
reduced to lumps embedded in incoherent 
sand. It contains casts of moUusks^ including 
Pecten n. sp. Bed 6 is also unequally indur- 
ated but is more persistent than bed 3. It 
carries Periarchus pUeussinensis and other fos- 
sils. Beds 3 to 6 are equivalent to the hard 
rock on Browns Mountain, half a jnile away. 

The following lists enumerate the species 
collected in this vicinity: 

Station 7695. Hilltop on Maron-Marion road four-tenths 
of a mile southwest of Bond's store, Bibb County. 
C. Wythe Cooke, collector, 1916. 

Nucula ovula Lea? 

Leda regina-jacksonis Harris? 

Glycymeris sp. 

Pecten n. sp. 

Cytherea sp. 

Periarchus pileus-sinensiB (Ravenel)? 
Station 7696. Browns Mountain, near Bond's store, 9 
miles southeast of Macon. C. Wythe Cooke, collector, 
1916. 

Flabellum cuneiforme Lonsdale. 

Lunularia sp. 

Turritella sp. 

Mesalia vetusta (Conrad). 

Calyptraea sp. 

Nucula spheniopsis Conrad. 

Leda mater Meyer. 

Pecten n. sp. 

Pecten perplanus Morton? (cast of interior). 

Diplodonta sp. 

Phacoides (Miltha) claibornensis (Conrad). 

Protocardia sp. 

Crassatellites sp. 
Station 3993. Browns Mountain. S. W. McCallie, col- 
lector, 1909.1 

Flabellum cuneiforme Lonsdale. 

Endopachys maclurii (Lea). 

Periarchus pileus-sinensis (Ravenel). 

Calyptraphorus velatus Conrad. 

Turritella carlnata Lea. 

Mesalia vetusta (Conrad). 

Calyptraea aperta (Solander). 

Nucula magnifica Conrad? 

Pteria sp. 

Pecten n. sp. 

Crassatellites protextus (Conrad) var. 

Astarte tellinoides Conrad? 

Yenericardia alticostata Conrad var. 

Phacoides (Here) hamatus Dall. 

Phacoides alveatus (Conrad). 

Protocardia nicolleti (Conrad). 

Pitaria perovata (Conrad). 

Cytherea sp. 

Psammobia sp. 

Panope porrectoides (Aldrich). 

Corbula oniscus Conrad. 

1 Veatch, Otto, and Stephenson, L. W ., op. cit., p. 295. Identified by 
T. W. Vaughan; list revised by C. W. Cooke. 



XITTLB XXG CREEK. 

A large collection of fossils that is especiallj 
interesting because it shows the intimate 
relationships of the Claiborne and Jackson 
faunas was obtained on the east side of Little 
Keg Creek, 7 miles north-northwest of Sanders- 
ville. Without the knowledge of the extended 
range of certain species acquired since the 
publication of the report on the Coastal Plain of 
Georgia, this assembl^e of forms would have 
been unhesitatingly referred to the upper 
daibome. As it stands, the numerical pro- 
portions of Claiborne and Jackson species 
recognized are practically the same, and the 
discovery of one or two additional species 
might turn the scale to one side or the other. 
When the numerical evidence is inconclusive 
in determining the age of a fauna, the philo- 
sophic course appears to be to attribute greater 
significance to the initial appearance of new 
forms than to the survival of old species. Ac- 
cording to this reasoning the fauna at Keg 
Creek is lower Jacksonian, and it is so con- 
sidered in this report. Moreover, this correla- 
tion is in accordance with that deduced from 
other stratigraphic criteria. 

Section an east eide o/LiUU Keg Creek, Washingtan County , 

7 milea north-northwest of Sandersville, 
Eocene: Feet. 

4. Coarse red sand with a few small quartz peb- 
bles; 40 feet above the base is a 10-foot bed 
of white sand and yellow and white day. . 100 

3. Greenish plastic clay 6} 

2. Coarse red sand grading into overlying bed. 
Fossils very abundant but restricted to 6 

inches at bottom li 

Unconformity (altitude 360 feet above sea level). 
Cretaceous: 

1. White sand with lenses of kaolin, to level of 

creek 60 

The fossils in the following list were collected 
from the base of bed 2, which is a local pocket 
filling a hoUow in the Cretaceous surface. 

Station 7707. Roadside east of Little Keg Creek, 7 
miles north-northwest of Sandersville. Immediately 
above the Cretaceous. Cooke and Shearer, collectoxs, 
1916: 

CJ Flabellum cuneiforme Lonsdale. 
J Astrhelia bumsi Vaughan. 
Astrhelia sp. 
Volvula sp. 
CJ Actaeon idoneus Conrad. 
Actaeon sp. 
Terebra sp. 
C Cochlespirella nana (Lea)? 
Turritidae, 3 sp. 
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Station 7707 — Oontinued. 

CJ ConuB saimdenfl Conrad. 
CJ Cancellaria gemmata Conrad. 
Cancellaria, 2 ep. 
Olivella sp. 
C Andllina Bcamba (Conrad). 
CJ Marginella semen Lea. 
Conomitra sp. 
J Pediocochlis mccalliei (Dall). 
Caiicella n. sp. 
CJ Plejona petrosa (Conrad). 
CJ lApparia pactilis (Conrad). 
Fusinus sp. 
Clavilithes sp. 
CJ Levifusus trabeatus (Conrad)? 
C Phos sagenuB (Conrad). 
C TerebrifusuB amoenus (Conrad). 
J Ficus filius (Meyer). 
CJ Calyptraphoms velatus (Conrad). 

CeritMopsiB sp. 
CJ Turritella carinata Lea. 
CJ Meealia vetusta (Conrad). 
Epitonium sp. 
Turbonilla sp. 
J Sinistrella americana (Aldrich)? 
Calyptraea sp. 
CJ Lunatia miniina (Lea). 

Neverita sp. 
CJ Dentalium sp. 
CJ Nucula magnifica Conrad? 
CJ Nucula ovula Lea. 
CJ Leda multilineata Conrad. 
CJ GrlycymeriB staminea (Conrad). 

Glycymeris sp. 
C Crenella isocardioides (Lea). 
CJ Corbula oniscus Conrad. 
CJ Corbula densata Conrad. 
C Corbula alabamiensis Lea. 
C Corbula foesata var. extenuata Dall. 
CJ Pitaria perovata (Conrad). 
CJ Pitaria mortoni (Conrad). 
CJ Miltha pandata (Conrad)? 
CJ Lucina subvexa Conrad? 
CJ Phacoides alveatua (Conrad)? 

ABtarte cf. A. tellinoides (Conrad). 
CJ Craasatellitee protextus (Conrad) var. 
J CrassatelliteB n. sp.? 
J Protocardia nicolleti (Conrad). 
CJ Venericardia planicosta (Lamarck). 

J Venericardia sp. (small). 
CJ Venericardia alticostata Conrad var. 

Sufficient evidence has been advanced in the 
preceding pages to show, first, that certain 
strata referred by Veatch and Stephenson to 
the McBean formation overlie limestones that 
are definitely of Jackson age and, second, that 
the fauna of the Barnwell formation appears to 
be more closely related to Jackson than to 
Claiborne faunas and that the f ossilif erous beds 
at some places lie directly upon Lower Cre- 
taceous strata. 



Below is given a systematic outline of the 
stratigraphy of the deposits of Claiborne and 
Jackson age as it is interpreted in the light of 
the new evidence. 

STRATIGRAPHY OF DEPOSITS OF CLAIBORNE 
AND JACKSON AGE IN GEORGIA. 

DEPOSITS OF CLAIBORNE AGE. 

FORMATIONS INCLUDED. 

The Claiborne group receives its name from 
Claiborne Landing, Alabama River, Ala., the 
site of a town formerly of considerable impor- 
tance but now almost deserted. In the type 
region the group is divided into three forma- 
tions, the lowest being the Tallahatta buhr- 
stone, the middle the Lisbon formation, and 
the upper the Gosport sand. The correlations 
between Alabama and Georgia are not precise 
enough to justify the use of any of these forma- 
tion names in Georgia^ 

According to the interpretation of Veatch 
and Stephenson, nearly all the deposits of 
Eocene age in Georgia were included in the 
Claiborne group, and their map shows Clai- 
borne formations extending across the entire 
width of the State. They recognized two for- 
mations within the group — a lower, the McBean 
formation with the so-called Congaree clay 
member, and an upper, the Barnwell sand. 
The recent detailed field studies of Shearer 
and Brantly have shown that the so-called 
*' Congaree clay member of the McBean forma- 
tion'' properly constitutes part of the Bam- 
well formation, and studies of the fossils by 
Cooke, as set forth in the preceding part of 
this paper, have shown that the residue of their 
McBean formation in central Georgia also be- 
longs to the Barnwell. The paleontologic evi- 
dence also indicates that the Barnwell forma- 
tion is of Jackson rather than of upper Claiborne 
age, as previously supposed, and this conclusion 
is corroborated by diastrophic and other 
stratigraphic criteria. 

As restricted by the elimination of the Bam- 
well formation and parts of the McBean 
formation the outcropping strata of Claiborne 
age in Georgia are confined to two separate 
areas — a small irregular area in the valleys of 
McBean Creek and Savannah River, in the 
extreme eastern part of the State, and a long, 
narrow strip in western Georgia, extending 
from Chattahoochee River eastward to a point 
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a few miles beyond. Flint River. In the in- 
termediate region the 
Claiborne deposits are 
overlapped by strata of 
Jackson age. The beds 
of Claiborne age in the 
Savannah area retain 
the name McBean for- 
mation, but those in 
the Chattahoochee- 
Flmt River area, which 
were included by Veatch 
and Stephenson in the 
McBean formation and 
Barnwell sand, will be 
designated in this report 
undifferentiated Clai- 
borne. The areal dis- 
tribution is shown on the 
geologic map (PI. VII). 
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The McBean forma- 
tion was named by 
Veatch and Stephen- 
son^ from the town of 
McBean, in Richmond 
County, Ga., and from 
McBean Creek, which 
forms the boxmdary be- 
tween Richmond and 
Burke counties. 

STRATIORAPHIC RELATIONS. 

The McBean forma- 
tion rests imconform- 
ably upon the Lower 
Cretaceous strata and is 
overlain by the Barnwell 
formation. The contact 
with the Barnwell is 
obscure, but it appears 
probable that there ex- 
ists at least local un- 
conformity between the 
two formations. 

In the Savannah area 
the Claiborne strata 
have been overlapped by 
the Barnwell formation, 



though probably not so much as farther west, 

1 Op. cM.t p. 237. 



but the valley of Savannah RiveV has beeD. 
incised so deeply that the overlapping portion 
of the Barnwell formation has been cut away 
along the river far enough to expose the McBean 
in its proper position above the Cretaceous. 
(See section, fig. 7.) 

IJTHOLOOIO OUBAOTEK AND TBIOKBB88. 

The McBean formation consists chiefly of 
gray marl or sandy limestone and yellow sand 
with a Uttle lignitio matter and greenish clay. 
The greatest thickness thus far observed at 
one locaUty is not more than 80 feet, and the 
total stratigraphio thickness along the outcrop 
in Georgia probably does not greatly exceed 
100 feet. 

PALEONTOLOOIO OHAlStAOTEB. 

A large collection of well-preserved shells, 
chiefly moUusks, was obtained by Earle Sloan 
on the south side of McBean Creek near the 
Augusta-Waynesboro road. On the basis of 
these shells Vaughan ? correlates the strata 
with the Lisbon formation of Alabama and 
Mississippi, the St. Maurice formation of Lou- 
isiana, and the Cook Mountain formation of 
Texas. The same fauna has been found at 
several localities in Aiken and Orangeburg 
coimties, S. C. The following list of species 
from Sloan's Scarp, McBean Creek, is quoted 
from the report on the Coastal Plain:* 

Endopax^hys macluiii (Lea). 

Ringicula biplicata (Lea). 

Conus sauridens Conrad. 

Pleurotoma kelloggi Gabb. 

Fleurotoma texacona Harria. 

Pleurotoma terebriformis Meyer. 

Pleurotoma childreni Lea. 

Pleurotoma lesueuri Lea. 

Pleurotoma nodocarinata Gabb. 

Pleurotoma aff . P. nigosa Lea. 

Amblyacnim stantoni Vaughaa. 

Amblyacrum huppertzi var. penxosei Harris? 

MangeUa infans Meyer. 

Marginella columba Lea. 

Maiginella eemen Lea. 

Caricella demissa var. texana Gabb. 

Caricella aff . C. pyruloidea (Conrad). 

Clavelithcs humerosiis Conrad. 

FuAUs bellus Conrad. 

Fusus mortoni I^ea. 

Lirohisus thoradcue (Coniad). 

Typhis gracilte Conrad. 

Pyrula (Fusoficula) texana Karris. 

Leiorhynus prorutus Conrad. 

Laevibuccinum proreum Conrad. 

Mitrella mississippiensiB Meyer and Aldrich. 



s Idem, p. 240. 



s Idem, pp. 239-240. 
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Fhoe Bagenum (Ckmnul). 

Bucdnanope altile (Conrad). 

Peeudoliva vetusta (Conrad) 

Lacinia alveata Conrad. 

Tunitella nasuta Gabb. 

Turritella nacnita var. houstonia Harria. 

Turritella arenicola Conrad. 

Turritella carinata Lea. 

Mesalia claibomenedB (Conrad). 

Tuba antiquata Conrad. 

Amalthea pygmaea (Lea). 

Calyptrea aperta (Solander). 

Crepidula lirata Conrad. 

Lunatia eminula (Conrad). 

Katica semilunata Lea. 

SigaretUB decUvia Conrad. 

Solarium elaboratum Conrad (young). 

Solariorbia depressa (Lea) var. 

Dentalium annulatum Meyer. 

Nucula ovula Lea. 

Nucula magnifica Conrad. 

Leda media Lea. 

Yoldia peammotaea Dall. 

Area rhomboidella Lea. 

Oetrea sellaefonniB Conrad. 

Pccten wahtubbeanus Dall. 

Crassatellites protextus (Conrad). 

Venericardia sp. (also at liabon, Ala.). 

Venericardia aJticostata (Conrad). 

Venericardia planicosta Lamarck. 

Fhacoidea papyraceus (Lea). 

Bornia prima (Aldrich). 

Cytherea discoidalis Conrad. 

Metis raveneli (Conrad). 

Tellina mooreana Gabb. 

Fteropeia lapidoea Conrad. 

Gorbula alabamiensia Lea. 

Corbula densata Conrad. 

Corbula foeeata var. extenuata Dall. 

ABSAL DISTBIBITnOV, PKTSIOOaAPHIO XZFBX88ZOV 

AHD 8TBUOTT7BS.' 

So far as known, exposures of the McBean 
formation in Georgia are confined to Rich- 
mond and Burke counties, forming a narrow 
strip along Savannah River north of QriflBn^s 
Landing, 16 miles below Shell Bluff, and cover- 
ing the southern half of Richmond County in 
and north of the valley of McBean Creek. In 
general, the formation is too thickly covered 
by younger strata to have exerted much influ- 
ence on the topography, but along the streams 
in the southern part of the area the harder 
ledges of limestone form prominent bluffs. 
No irregularities have been detected in the 
structure of the McBean formation. The 
upper surface of the formation slopes evenly 
seaward at the rate of about 10 feet to the mile, 
and the underlying beds evidently have a 
slightly steeper dip. 



UNDIFFERENTIATED CLAIBORNE DEPOSITS. 

The Claiborne deposits in western Georgia 
are best exposed in the bluff on Chattahoochee 
River at Fort Gaines and in the Danville Ferry 
bluff on Flint River, 16^ miles east of Americus. 
In the intermediate region the formation is thin 
and poorly exposed. Along Chattahoochee 
River Langdon ^ distinguished a lower "buhr- 
stone" and an upper calcareous member of 
the Claiborne, but the division has not been 
recognized farther east. 

Between Flint and Chattahoochee rivers the 
Claiborne rests upon the Wilcox formation, 
from which it is separated by an erosion un- 
conformity, which has been observed at Fort 
Gaines and at Cuthbert. The Gaiborne de- 
posits are overlain unconformably by red 
argillaceous sand of undetermined age, which 
greatly resembles contiguous beds in the 
Claiborne and is with difficulty distinguished 
from them. 

DEPOSITS OF JACKSON AQB. 
FORMATIONS INCLUDED. 

Two formations of Jackson age occur in 
Georgia — the Barnwell formation, including 
the Twi^s clay member, and the Ocala lime- 
stone, including the Tivola tongue. These are 
partly equivalent in age but are very different 
in lithology and present different f aunal f acies. 

The Ocala limestone underUes a large part of 
Florida and southern Alabama and a consider- 
able area in the southwestern part of Greorgia. 
The Barnwell formation extends from Houston 
County, Ga., beyond Savannah River an im- 
known distance into South Carolina. 

The Ocala limestone and the Barnwell forma- 
tion interfinger and merge laterally into each 
other, but an arbitrary line drawn at the Dooly- 
Houston county line delimits fairly well the 
main bodies of the formations. However, the 
Twiggs clay member of the BamweU formation 
extends southward a short distance into the 
Ooala area and a bed of bryozoan-bearing lime- 
stone, which will be referred to as the Tivola 
tongue of the Ocala limestone, projects as far 
north as Rich Hill, Crawford County, and forms 
an important horizon marker near the base of 
the Barnwell formation in Houston, Twiggs, 
and adjacent coimties. 

1 Langdon, D. W., Q«ology of the Coastal Plain of Alabama, pp. 744- 
745, Alabama 0«ol. Sunrey, 18M. 
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BABNWELL FORMATION. 



Mr. Vaughan informs the present writers 
that he made a trip with Mr. Sloan into Bam- 
well Coimty, S. C, for the special purpose of 
visiting the type locahty of the Barnwell forma- 
tion, and that he incorporated the results of 
observations made at that time in the follow- 
ing paragraph in the report by Veatch and 
Stephenson:^ 

Mr. Earle Sloan* has used the name Barnwell **buhr 
sands" or Barnwell "phase" for red ferruginous sands 
that immediately overlie the McBean formation as defined 
in this report. The type area of the Barnwell sand is in 
Barnwell County, S. C, where its stratigraphic position 
is as stated. Sloan, who has also studied the area in 
Georgia adjacent to Savannah River, states that the Bam- 
well ** phase " is repreeented by the sands that overlie the 
foesiliferous marls of Shell Bluff. As there are sands of 
lower stratigraphic position but very similar in apx)earance 
to the Barnwell, Sloan, in several instances, confused the 
lower horizon with his Barnwell. A notable instance of 
this confusion is seen in his referring to the Barnwell the 
foesiliferous sands near Hixon's bridge on Tinker's Creek.' 
The horizon of the fossils of this exposure is far down in the 
McBean formation. However, it is evident that Sloan 
intended this name to apply to the red ferruginous sands 
of the upper horizon and not to those of the lower. He 
has orally given the information that he has found Turri- 
tella carinata Lea in the Barnwell sand in Barnwell County, 
S. C. , and he is positive in his opinion that in the type area 
there is similarity in stratigraphic position and in both 
lithologic and faunal characters with the foesiliferous red 
ferruginous sands overlying the McBean formation in 
Burke County, Ga. 

Although no specific locality is mentioned by 
Sloan in either of his papers cited as the type 
of his "Barnwell buhr sands/' it is evident 
that he had in mind the higher horizon which 
*' irregularly overlaps the upper margin of the 
Santee marls/' * 

The stratigraphic succession in western 
South Carolina, according to Vaughan,^ is as 
follows : 

At the base are silicified clays, fuller's earth, the Conga- 
ree shales of Sloan ; these are overlain by glauconitic«andy 
marls, locally with silicified shells and buhr rock, and 
calcareous beds, the Cawcaw shales and marls of Sloan, 
which are equi\ulent to his Warley Hill marl, Santee marl, 
and Mount Hope marl of the Santee area and which are 



1 Qeology of the Coastal Plain of Georgia, p. 285, 1911. 

* Handbook of South Carolina, pp. 86, 90, Columbia, S. C, Dept. Agr., 
Commeroe, and Immigration, 1917; Catalogue of the mineral localities 
of South Carolina, pp. 449, 460, South Carolina a«ol. Survey, 1906. 

> Catalogue of the nUneral localities of South Carolina, pp. 268, 460. 

* Handbook of South Carolina, p. 90. 

> Index to the stratigraphy of North America: U. S. Oeol. Survey 
Prof. Paper 71, p. 737, 1912. 



succeeded by calcareous beds containing in their lower 
portion large numbers of Ostrea georgianay these beds in 
turn being overlain by red sands, the typical Barnwell 
buhr sand of Sloan. 

Inasmuch as the name Barnwell, as used by 
Veatoh and Stephenson, was restricted to de- 
posits composed almost entirely of sand, they 
employed the appropriate fonnational name 
Barnwell sand. For this is substituted, in the 
present paper, the name Barnwell formation, 
which is applied to a less homogeneous com- 
posite of materials, including, in addition to the 
Barnwell sand of Veatch and Stephenson, their 
so-called ^'Congaree'* clay and the Ostrea 
georgiana zone of their McBean formation. 

TWIOOfl CLAT MEMBER. 

Extensive deposits of fuller's earth grading 
into calcareous clay of similar properties, which 
Veatch and Stephenson regarded as forming 
part of the McBean formation and which they 
designated the '^Congaree clay member of the 
McBean formation, '' have been foimd to occupy 
a much higher stratigraphic position than the 
Congaree shales of Sloan in South Carolina, 
with which they were correlated but which 
imderUe the South Carolina equivalents of 
the McBean formation^ and to be of Jackson 
ago. These deposits are characteristically 
developed in Twiggs Coimty, and for that rea- 
son they are here named Twiggs clay member. 
Exposures near Pikes Peak station, on the 
Macon, Dublin & Savannah Kailroad, are re- 
garded as typical. The Twiggs clay is treated 
here as a member of the Barnwell formation. 

STBATZORAPHXC KELATIGirB. 

In the Mississippi embayment, according to 
Berry ,• the last third of Claiborne time was 
marked by a greater or less emergence of land, 
which was followed at the beginning of Jackson 
time by a pronounced transgression of the sea. 
Similar conditions appear to have prevailed in 
Georgia east of Flint River. The recession 
during late Claiborne time in Georgia is more 
or less conjectural, but the theory of trans- 
gression in Jackson time is supported by un- 
equivocal evidence. The Jackson sea crept 
far inland up the drowned valleys of the old 
Claiborne land area, across the beveled edges 
of the lower Eocene and Cretaceous strata, 

• Berry, E. W., Erosion intervals in the Eocene of the Mississippi 
embayment: U. S. Oeol. Survey Prof. Paper 95, p. 82, 1915. 
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until its waves beat in places upon the crys- 
talline rocks of the Piedmont. The transgres- 
sion of the sea that took place during Barnwell 
time appears to have been followed, in eastern 
Georgia, at least, by a slight emergence of the 
land which thrust back the Vicksburg shore 
line. At a subsequent period, perhaps dur- 
ing the Miocene epoch, the sea again ad- 
vanced but did not attain its former maxi- 
mum extent. 



becomes calcareous and merges into limestones 
of the Ocala, and in the east, where it merges 
into marl and oyster^hell beds of the Barnwell 
formation. Along the northern margin of the 
outcrops the day member is overlain with 
slight unconformity by red sands that appar- 
ently belong also to the Barnwell formation. 
This imconf ormity is exposed at Pikes Peak and 
Gfcrovetown, but it evidently represents a with- 
drawal of the sea for only a short distance and 
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FiouBX 8.— Diagram showing tiie relations between tbe Ocala limestone and the Barnwell formation. 



The BamweU formation rests with at least 
local unconformity upon the McBean forma- 
tion or, where that is absent, unconformably 
upon older strata. The relations of the Bam- 
well formation to the overlying strata are less 
obvious. On account of the similarity in ap- 
pearance of m\ich of the Barnwell to younger 
deposits of various ages, it is in many places 
difficult to distinguish between them or to be cer- 
tain of the identity of the overlying formation. 

The Twiggs clay member occupies a position 
at the base and near the landward margin of 
the Barnwell formation. Although the condi- 
tions of deposition were such that the fuller's 
earth and clays of similar character occur as 
lenses and discontinuous beds, exposures are 



for a short period of time, because farther south 
the clay member is conformable with the re- 
mainder of the Barnwell formation. In the 
regions north and also east of Wilkinson County, 
where the Ocala limestone is absent, the clav 
rests directly upon the surface of the Lower 
Cretaceous or is separated from it by only a 
thin bed of sand; at a few places lobes of the 
clay member overlap the Cretaceous beds en- 
tirely and rest upon the crystalline rocks of the 
Piedmont area. The most notable of these 
overlaps are at Roberts and Grovetown. 

The Barnwell formation appears to have 
been laid down at nearly the same time as the 
Ocala limestone but in a part of the sea sup- 
pUed more abundantly with sand and mud, and 
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abundant in a belt extendingfromDooly County 
to Colimibia County, more than halfway across 
the State. The mode of origin of the Twiggs 
clay and the agencies that produced its pecuhar 
physical properties are not clearly understood, 
but its situation indicates that it may have been 
formed in long, narrow lagoons or bays to which 
coarse sediments had only occasional access but 
which appear to have had free communication 
with the open sea in the southwest , where the clay 



the lateral transition from the siliceous sedi- 
ments of the Barnwell to the limestones of the 
Ocala is gradual. The Tivola tongue of the 
Ocala limestone, which intrudes far into the 
main area of the Barnwell, represents a tem- 
porary invasion of the calcareous phase of de- 
position beyond its usual Hmits. The supposed 
relations between the Barnwell formation and 
the Ocala limestone are shown in the accom- 
panying diagram (fig. 8) and section (fig. 9). 
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At the base of the Barnwell formation along 
Savannah River is a bed of impure limestone 
or marl that contains large numbers of shells 
of Ostrea georgiana Conrad, a huge oyster, some 
specimens of which attained a length of nearly 
2 feet. This species appears in eastern Georgia 
to be restricted to the lower part of the Barnwell 
formation. The Ostrea georgiana zone has been 
traced for miles into South Carolina, and it 
seems probable that this zone represents a 
tongue of the Cooper marl of South Carolina 
and that it is continuous beneath the cover of 
younger deposits in southeastern Georgia with 
the Ocala limestone of Georgia and Florida. 
Local oyster beds that appear to occupy the 
same stratigraphic position as the bed on 
Savannah River have been seen as far west as 
Danville. 

UTHOLOGIO CHABACTEB. 

The greater part of the Barnwell formation 
is sandy, comprising widespread deposits of 
coarse briUiant-red sand which appears to 
derive its color from weathered glauconite, 
together with locally indurated beds of gray 
sandstone which in places approaches quartz- 
ite in texture, and basal conglomerates re- 
sembling the gravels of the Pleistocene ter- 
races. The sand in many locaUties incloses 
masses of flint, many of which are fossiliferous 
and appear to represent the silicified remnants 
of limestone lenses. Some of the flint is in 
scattered lumps, but most of it is restricted to 
well-defined zones. 

The Twiggs clay member of the Barnwell 
consists typically of greenish-gray siliceous clay 
of low specific gravity, not plastic but breaking 
with a hackly fracture and exhibiting all the 
properties of fuller's earth. The fuller's earth 
grades laterally into calcareous clay of similar 
appearance and properties and thence into 
argillaceous limestone. Some of the clay is 
free from grit, but most of it is interbedded 
with thin layers of sand. 

At places where the fuller's earth was not 
deposited and north of the limit of clay deposi- 
tion beds of yeUowish-green glauconitic sand 
extend to the base of the Barnwell formation. 
Near the base of the formation are local beds 
of lignite, shaly aluminous sandstone, quartz- 
ite, and completely sihcified sandy limestone. 

THIOKAESS. 

In eastern Georgia the thickness of the Bam- 
well formation has not been accurately deter- 



mined, because the contact with the overlying 
formations is uncertain. In the Shell Bluff sec- 
tion 65 feet belong to this formation. At Louis- 
ville, which is about 1 miles from the Cretaceous- 
Barnwell contact, 100 feet of beds referred to the 
BamweU formation are exposed from Rocky 
Comfort Creek up to the level of the town. In a 
deep well near Louisville the top of the Creta- 
ceous is thought to have been reached at a 
depth of about 350 feet,^ but this thickness 
probably includes some Claiborne strata in 
addition to the Barnwell formation. The avail- 
able evidence does not indicate a thickness 
greater than 200 feet for the Barnwell forma- 
tion in eastern Georgia, and it may be consider- 
ably less. 

In Twiggs County the beds referred to the 
Barnwell formation extend from the surface of 
the Lower Cretaceous in the Dry Branch kaolin 
mines, at an altitude of 400 feet above sea 
level, to the tops of the higher hills in the 
vicinity of Pikes Peak, at an altitude of 625 
feet. The formation is little more than 200 
feet thick. 

In Houston County, as the Tivola tongue of 
the Ocalalimestone thickens the Barnwell forma- 
tion becomes thinner, and only about 100 feet of 
the Ross Hill section may be referred to it. 

The Twiggs clay member attains its maxi- 
mimi thiclmess near Pikes Peak in Twiggs 
County, where fidler's earth occurs at two dis- 
tinct horizons separated by a bed of greenishf os- 
siUferous sand, the whole being 100 feet thick. 
In Houston Coimty the 100 feet of fuller's 
earth, calcareous clay, and sand of the Barn- 
well formation may be considered as belonging 
almost entirely to the Twiggs clay member. 
South of these coimties the clay becomes thin- 
ner as the underlying Tivola tongue of the 
Ocala limestone thickens. To the northeast, 
also, the Twiggs clay becomes thinner along 
the strike, and at few places in Jefferson and 
Columbia coimties is it as thick as 20 feet. 

PALBOlTTGLOaiG CHAaAGTEB. 

The f aima of the Barnwell formation has al- 
ready been discussed at some length (pp. 42-49). 
In general terms, it is an assemblage of shallow- 
water or littoral species which inherited many 
elements from the preceding upper Claiborne 
or Gosport fauna but which includes a number 
of species not known from older deposits. 

1 MoCallie, S. W., A preliminary report on the underground waters off 
Georgia: Georgia Geol. Survey Bull. 15, p. 129, 1008. 
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The Mollusca constitute the dominant ele- 
ment, being represented by numerous genera 
and species. Biyozoa are abundant in what 
may be regarded as transition beds between 
the Barnwell and laterally adjacent formations 
but are scarce in more typical deposits. Corals 
are represented by a few very proUfic species, 
and echinoderms by Periarchus pileus-sinensis 
and Mortonella quinquefaria. The most signi- 
ficant vertebrate thus far discovered is the huge 
zcuglodon BasUosaurus cetoideSy which is par- 
ticularly valuable as a guide fossil. 

The Twiggs clay member of the Barnwell 
formation has yielded a small flora which as- 
sists in correlating isolated exposures of the 
formation with one another but which presents 
inconclusive evidence for determining the age 
of the deposits because the floras of the upper 
Claiborne and lower Jackson are very similar. 
As originally described by Berry,* the flora 
included only 17 species of plants, all of them 
new, but recent collections have increased the 
total to 26, and most of them have since been 
discovered elsewhere. The following Ust with 
comments has been fimiished by Prof. Berry: 

Flora of the Twiggs clay member of the Barnwell formation. 



Aciostichuin ffeoigianum. . 
Amndopseuoopoepperti. . 

CaqMlitnus najasoides 

Castanea claihomensiB. . . . . 

Casna geoTgiana 

ConocarpuB eocenica 

Cupanites nigricaQB<i 

Cinnaraomum au^iistum. . . 

Dodonaea viBcoaoides 

Ficu8 claiborueiiBis 

Ficus newtoneusiB 

Malapoennaep 

Mimoeites geoigianus 

Momisia americana 

Pestalozzites minor 

Pisonia claibomensifl 

Piatia claibomenais 

Pteris inquirenda 

PotamoeetoQ megaphyllus. 

Rhisopnora eoceaica 

Sapinaus georgiana 

iSophora claibomeana 

Sophora wilcoxiana 

SpnaeritesclaibomeDfiis 

Terminalia phaeocarpoides. 
Thrinax eocenica 
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a Green Riyer formation of Wyoming. 



I Berry, E. W., The Upper Cretaceous and Eocene floras of South 
Carolina and Georgia: U. 8. Geol. Survey Prof. Paper 84, p. 129, 1914. 



To summarize this list, it may be noted that of the 26 
species foimd in Geoigia 1 comes up from the Wilcox, 3 
occur in the St. Maurice, 8 occur in the Y^ua, 10 in the 
Lisbon, and 3 in the Gosp>ort, making 13 of the 26 that 
occur in known Claiborne. One additional species occurs 
in the Green River of Wyoming. 

Six of the Georgia species occur in the Jackson. Although 
the Twiggs clay flora is thus apparently more like the Clai- 
borne flora of other areas than it is like the Jackson, two 
features make this similarity more apparent than real. 
One is the fact that the continental deposits in Texas re- 
ferred to the Yegua, in which several of the Georgia species 
reappear, are believed by me to be of Jackson age. The 
second modifying factor is that the bulk of the known Clai- 
borne flora is found in the upper Claiborne and that this 
upper Claiborne flora is but slightly modified in passing 
over into the Jackson. 

It should not be overlooked that 10 species, 
or 38 per cent of the total number, have not 
yet been found elsewhere and that subsequent 
collecting may change the relative proportions 
of Qaibome and Jackson species. The 26 
species of plants known to science out of the 
himdreds that must have existed at the same 
time form so insignificant a part of the flora 
that they ought not to be considered as neces- 
sarily representative of the whole. Moreover, 
as pointed out by Ulrich,* paleobotanists are 
prone to place disputed formations lower in the 
time scale than is indicated by the marine 
invertebrates, because the plante attain their 
greatest development during the emergent 
interval preceding the introduction of the new 
marine fauna. 

AJBXAL OXSTBXBXrTIGV. 

The Barnwell formation extends in a broad 
belt from Savannah River nearly to Flint 
River, but in the western half of this belt, the 
area lying west of Oconee River, the formation 
is intermediate in character between the typ- 
ical Barnwell and the Ocala limestone, merging 
into the Ocala toward the south, or seaward, 
and toward the southwest. In the description 
by counties the southwestern boimdary of the 
formation is arbitrarily placed at the Houston- 
Dooly coimty line, although the Twiggs clay 
member and perhaps also some of the overlying 
red sands extend for some distance south of this 
line, and a wedge of bryozoan-bearing lime- 
stone (the Tivola tongue of the Ocala lime- 
stone) projects into the Barnwell formation in 
Houston, Twiggs, and adjacent counties, and 

s Ulrlch, E. O., Correlstlon by displacements of the strand line and 
the function and proper use of fossils in correlation: Oeol. Soo. America 
Bull., vol. 27, p. 465, 1916. 
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forms an important horizon marker near the 
base of the formation. (See map, PI. VII, and 
section, fig. 8.) 

The Barnwell formation occupies consider- 
able areas in Burke, Richmond, Jefferson, 
Glascock, Washington, Wilkinson, Twiggs, and 
Houston coimties and smaller parts of adjacent 
coimties. The northern boxmdary is very 
irregular, the plain forming the surface of the 
formation having been deeply dissected by 
streams that have cut their valleys down into 
the Cretaceous strata, leaving promontories and 
erosional outhers of the Barnwell in the inter- 
stream areas. The southern boimdary is Uke- 
wise irregular, but in reverse order, having long 
salients extending down the river valleys. 

The Twiggs clay member in eastern Geoi^a 
is confined chiefly to the northern edge of the 
area occupied by the Barnwell formation, but 
toward the west its outcrop widens until it 
practically coincides with that of the formation 
as a whole. It is characteristically developed 
near Grovetown, Columbia County, and out- 
crops have been noted at short intervals from 
that locality to Rich Hill, in Crawford Coimty. 

PHYSIOGRAPHIO EXPRXSBIGir. 

The imconsolidated sands of the Barnwell 
formation have yielded readily to erosional 
agencies and, especially along the fall line, 
have been deeply trenched. The harder sand- 
stones have resisted better and in a few places, 
as at Browns Mountain, form hills of consider- 
able height. In most places the Twiggs clay 
member is overlain by beds of sand, but where 
not so protected it shows a tendency to form 
barren * 'washes'' or grassy slopes. 

STRXrCTTTBE. 

The Barnwell formation strikes approxi- 
mately northeastward. 

From exposures along the Macon-Perry 
road (National Highway) in Houston County 
the slope of the Cretaceous surface is estimated 
at more than 12 feet but not more than 20 
feet to the mile. The dip of the Barnwell 
formation is a little less than that of the 
surface upon which it Hes and is probably 
about 10 feet to the mile. 

In Twiggs Coimty the slope of the upland 
plain is 9 feet to the mile measured parallel to 
the Macon, Dublin & Savannah Railroad from 



Pikes Peak to Danville (southeast). The dip 
of the Barnwell formation, which is a little 
steeper than the slope of the plain, is probably 
between 10 and 15 feet to the mile. 

In the eastern part of the State the upper 
surface of the Lower Cretaceous beds is very 
irregular, and the dip can not be stated with 
certainty. The base of the Barnwell forma- 
tion in this region slopes from 500 feet above 
sea level at Grovetown to 80 feet at Grifl^'s 
Landing, a fall of 420 feet in 36 miles, or a 
Httle more than 11 feet to the mile toward 
the southeast. 

Except for the slight tilt toward the south- 
east the beds of the Barnwell formation are 
practically imdisturbed. The only indica- 
tion of later movements detected is a local 
anticline, cut through by the railroad at 
Pikes Peak, in which the limbs dip 4^ SE. and 
3°NW. 

OCALA LIMESTONE. 
ITAKX. 

In 1892 Dall ^ apphed the name Ocala to 
Umestone deposits exposed in the vicinity of 
Ocala, Marion County, Fla., and some years 
later the same author described a number of 
species of moUusks from the Ocala limestone 
and published a partial hst of the species 
found in it.' This fauna was first recog- 
nized in Georgia by Vaughan,* who correlated 
the outcrops of limestone in Flint River near 
Bainbridge with the Ocala '^zone," and the 
name Ocala limestone was recently employed 
by Cooke * in referring to the same deposits. 

The Ocala limestone as defined in this report 
includes the greater part of the Vicksburg 
formation of Veatch and Stephenson * as well 
as most of the Jackson formation of the same 
authors. The Tivola tongue of the Ocala lime- 
stone is typically exposed at the quarry of 
the Planters Limestone Co., 2 miles south of 
Tivola. (See p. 76.) 

i Dall, W. H., Correlation papers— Neocene: U. 8. Geol. Survey Bull, 
84, p. 103, 1892. 

* Dall, W. H., Contributions to the Tertiary launa of Florida, pt. 6: 
Wagner Inst. Trans., vol. 3, pp. 1219-1654, 1903. 

» Vaughan, T. W ., A Tertiary coral reef near Bainbridge, Oa.: Science, 
new ser., vol. 12, p. 873, 1900; The Eocene and lower OUgooene coral 
faunas of the United States: U. S. Oeol. Survey Mon. 39, p. 31, 1900. 

* Coolie, C. W., The age of the Ocala limestone: V. 8. Geol. Survey 
Prof. Taper 95, p. 110, 1915; The stratigraphlo position and launal asso- 
ciates of the orbitoid Foraminifere of the genus Orihophnfmina from 
Georgia and Florida: U. S. Oeol. Survey Prof. Paper 108, pp. 109-113, 
1917 (Prof. Paper 108-G). 

* Veatch, Otto, and Stephenson, L. W., op. cit., pp. 296-^302. 



DEPOSITS OF CLAIBORNE ANT) JACKSON AGE IN GEORGIA. 



57 



BTBATIOBAPBZO BSLATI0V8. 

The relations of the Ocala limestone to both 
the underlying and the overlying formations 
are imperfectly known. At its northeastern 
limits the formation overlaps upon older 
strata (see fig. 8, p. 53), and similar conditions 
may prevail toward the west, but whether 
the overlap extends all the way to Chatta- 
hoochee River is uncertain. At any rate, the 
Oaibome deposits are not completely over- 
lapped in the west, as in central Georgia. 

The Ocala limestone is overlain by the 
Vicksburg formation, but the Vicksburg has 
been eroded so much that its original relations 
to the Ocala are very obscure. Where the 
two formations have been observed in contact 
no evidence of physical break in sedimentation 
between them has been detected. In the 
vicinity of Bainbridge the upper surface of 
the Ocala is exceedingly irregular, having 
suffered considerably from degradational agen- 
cies, but how much this imevenness is due to 
solution and disintegration of comparatively 
recent date or to what extent it antedates 
the deposition of the overlying beds is at pres- 
ent imknown. The Vicksburg in this region 
is apparently represented mostly by scattered 
lumps of residual flint, the main overlying 
formation belonging to the Apalachicola group. 
The following note is introduced through the 
courtesy of Messrs. Vaughan and Bassler: 

In I9I5 Vaughan ^ pointed out that a species of coral 
referred to by him as Orhicella cellulosa (Duncan) is com- 
mon to Vicksburg deposits at Vicksburg, Miss., to the 
basal Chattahoochee at Bainbridge, Ga., to the Tampa 
formation at Tampa, Fla., and to the Antigua formation 
of Antigua. Recent unpublished results obtained by 
Vaughan from his studies of the corals and associated 
organisms in the base of the Chattahoochee formation 
and in the Antigua formation of Antigua indicate that 
these deposits are of middle Oligocene age and that they 
are stratigraphically only a little above the upper Vicks- 
burgian Byram calcareous marl ^ of Mississippi. Bassler 
has identified Bryozoa characteristic of the Marianna 
limestone (middle Vicksburgian) in chert found associated 
with the coralliferous chert in the vicinity of Bainbridge 
but not in the same chert masses as the corals. As the 
Bryozoa and the corals have not been found together, 
they seem to represent different horizons. A considerable 
number of moUusks occurring also at Vicksburg have 
been listed from these beds by Dall,* but a critical com- 
parison of the faunas has not been attempted. 



The Ocala limestone appears to have been 
deposited almost contemporaneously with the 
Barnwell formation, with which it is inter- 
bedded in the transition area. The Tivola 
tongue, which extends for many miles into the 
area occupied by the Barnwell, lies beneath the 
larger mass of that formation, but in most 
places is underlain by thin sandy beds that are 
classed with the Barnwell. 

LITHGLOaiO OBABACTEK. 

The Ocala limestone consists chiefly of soft 
white or cream-colored limestone that in 
places is composed almost entirely of the re- 
mains of Foraminifera and Bryozoa. The 
lower portion is more arenaceous and in places 
approaches sandstone in composition. In the 
transition area at the northeastern extremity 
of the formation the Ocala becomes highly 
argillaceous and merges into the Twiggs clay 
member of the Barnwell formation. 

On exposed surfaces at many localities the 
pores of the soft limestone have been filled up 
by infiltration of calcium carbonate, which has 
**case hardened'* the outer layers of the rock 
into hard semicrystalline limestone. That 
processes of silicification have been active in 
certain regions is shown by large masses of 
white flint or silicified limestone that are strewn 
over the surface or embedded in residual sand, 
but such action has by no means been confined 
to the Ocala limestone, as it has attacked 
the Vicksbui^ and Chattahoochee limestones 
as well. 



t Caniegto Inst. Washington Year Book 13, p. 3fiO, 1016. 

> Deflnad bj C. Wythe Cooke in Correlation of the deposits of Jackson 
snd Vicksburg ages In Mississippi and Alabama: Washington Acad. 
ficl. Jonr., vol. 8, pp. 186-108, 1918. 

> Dall, W. H ., A oontribation to the invertebrate ftiuna of the Oligocene 
beds of Flint River, Oa.: U. S. Nat. Mus. Proc., vol. 51, pp. 488-480, 1916. 



Reliable data concerning the thickness of the 
Ocala Umestone are lacking. In a well at 
Albany * the drill is believed to have entered 
the Claiborne at a depth of about 280 feet, and 
the total thickness of the Ocala in this vicinity 
probably does not greatly exceed 300 feet. 
At Bainbridge the drill penetrated 750 feet of 
Umestone, but how much of this is of Jackson 
age is unknown. The Tivola tongue in few 
places exceeds 40 feet in thickness and is com- 
monly much thinner. 

PALSOlTTOLOaXO CHAaACTBR. 

The Ocala limestone contains a large and 
characteristic bryozoan fauna, of which about 
90 species have been foimd in Georgia.^ 

« Georgia Oeol. Survey Bull. 26, pp. 317-318, 1911. 

c Canu, Ferdinand, and Bassler, R. S., manuscript list. 
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Foraminifera are exceedingly abundant and 
in places constitute a large part of the rock, 
but lists are not yet available. The orbitoid 
Foraminifera are abundant, being represented 
by several species of Orthophraffmina, both 
smooth and stellately marked, and also by 
species of Lepidocyclirui, Species of both 
genera have been erroneously referred to 
Orbitoides manteUij which is the type species 
of the genus Lepidocyclina and appears to 
be peculiar to the horizon of the Vicksburg 
represented by the Marianna limestone. Oper- 
culina is common in the middle or lower part 
of the formation. 

Echinodermata attained during Ocala time a 
greater development than during any other 
part of the Tertiary period in the Atlantic and 
Gulf Coastal Plain area. These forms appear 
to be very much restricted in vertical range, 
and it seems probable that more detailed work 
will residt in the discrimination of several zones 
by means of them. Periarchus pilevs-sinensis 
appears to be restricted to the Ti vola horizon ; 
other species, which occiur higher in the forma- 
tion, are Cidaris georgiana, Laganumf crustvr- 
"hides, Schizasier Jloridanua, Macropneustea 
mortoni, Cassvdvlus (Rhynchopygus) depresavs, 
Cassidulua {Pygorhynchus) conradi, Cassidvius 
(Pygarhynchus) georgiensiSj Eupatdgus caroli- 
nensisj Oliogopygus haldermani, and Agasaizia 
canradi, 

A rather extensive moUuscan fauna is con- 
tained in the Ocala limestone, but. compara- 
tively few forms have been preserved well 
enough for determination. A noteworthy ex- 
ception to this is found in the pectens, which 
occur in great abundance and are beautifully 
preserved. Pecten perplanus, a typically Jack- 
son species, is present, together with several 
closely related species or varieties. Amusium 
ocalanum, originally described from Florida, is 
widely distributed in Georgia. 



ARSAL DISTRXBlTTIOir. 



The Ocala limestone occurs at or near the 
siu^ace over a broad belt lying chiefly in the 
drainage basins of Chattahoochee and Fhnt 
rivers. (See geologic map, PI. VII.) The belt 
crosses Chattahoochee River between Saffold 
and a point about 4 miles above the mouth of 
Flint River, an airline distance of nearly 30 
miles; thence it extends northeastward to the 
Dooly-Houston county line, but at that ex- 



tremity the Ocala is interbedded with or transi- 
tional to the Barnwell formation. Northeast 
of this line the lower portion of the formation, 
the Tivola tongue, extends into the Barnwell 
area through Houston, Twiggs, and Bleckley 
counties, and parts of Wilkinson and Crawford 
counties. Throughout much of its areal extent 
the formation is concealed from view by a thin 
cover of younger strata, mainly sands, but it is 
exposed along watercourses, and its presence 
in the interstream areas is indicated by lime 
sinks and flint boulders. 

PHTSIOORAPHIO EZPHSSSIGir. 

The ready solubility of the Ocala limestone 
has assisted in the degradation of its surface. 
In the region lying between Flint and Chatta^ 
hoochee rivers underground solution has been 
extensive, and the plain is dotted with lime 
sinks and ponds, ranging from shallow saucer- 
shaped circular depressions to sinks of consider- 
able size. The region is a flat low-l3dng plain, 
in marked contrast to the high sandy plateau 
upheld by the Alum Bluff formation east of 
Flint River. Small surface streams are not 
abundant, much of the drainage going through, 
subterranean channels. 

In the northeastern part of the area occupied 
by the Ocala limestone, solution appears to 
have played a part in the formation of topo- 
graphic forms subordinate to that of mechan- 
ical agencies. The harder limestone ledges 
have resisted erosion better than the clay de- 
posits with which they are interbedded, with 
the result that the limestone stands out in 
steep slopes or bluffs. 

STKUCTTTBE, 

The Ocala limestone has not been studied in 
sufficient detail to permit accurate determina- 
tion of its structure, and the scarcity of recog- 
nized horizon markers makes such determina- 
tion difficult. The formation as a whole ap- 
pears to be inclined very gently seaward at 
the rate of probably 10 feet to the mile. Gen- 
tle flexures may exist, but none have been 
detected. 

ECOirOMIC GEOLOGY. 

I The greater part of the workable limestones 
I and marl deposits of the Coastal Plain of Geor- 
gia pertain to the Ocala limestone. These have 
been treated in detail by Brantly.* 

I 1 Brantlj, J. E., Georgia Geol. Survey Bull. 21, 1016. 
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SUMMARY. 

The differences between the interpretation 
of the stratigraphy of Georgia here offered and 
that of Veatch and Stephenson may be briefly 
siuninarized as follows: 

The deposits of Claiborne age, which they 
mapped as extending uninterruptedly across 
the entire width of the State, have been re- 
stricted to two areas, one along Savannah 
River and McBean Creek and the other between 
Flint and Chattahoochee rivers. The deposits 
of Claiborne age in the east retain the name 
McBean formation, but those in the west are 
called undifferentiated Claiborne. 

The Barnwell sand, which they regarded as 
of upi>er Claiborne age, is raised in the time 
scale and placed in the Jackson epoch with the 
name altered to Barnwell formation. The so- 
called ^'Congaree clay member of the McBean 
formation" is placed bodily in the Barnwell 
formation and, together with calcareous clays 
which were already correlated with the Jack- 
son formation, is renamed Twiggs clay mem- 
ber, the name Congaree being inappropriate 
because the clay is now known to be much 
younger^than the typical Congaree shales of 
Sloan. Those parts of their McBean forma- 
tion left after the elimination of the imdiffer- 
entiated Claiborne and the typical McBean 
formation are here included in the Barnwell 
formation. 

The littoral f acies of the Barnwell f aima bears 
an exceedingly close relationship to the lit- 
toral faima of the Gosport sand of Alabama 
but is transitional between that fauna and 
typical Jackson faunas and contains enough 
distinctive species to justify the reference of it 
to the Jackson epoch. The discovery of evi- 
dence of an extensive transgression of the sea 
upon the old land surface at the beginning of 
Barnwell time corroborates the reference of the 
formation to the beginning of a new stage 
rather than to the closing period of an old. 

The greater portion of the Vicksburg forma- 
tion of Veatch and Stephenson is transferred 
to the Jackson epoch, imder the name Ocala 
limestone, and the Jackson formation of their 
usage is divided between the Ocala limestone 
and the Barnwell formation. The residue of 
the Vicksburg formation is left untouched for 
the present. 



LOCAL DETAILS. 
McBSAN FOBMATIOK. 

McBean. — Several sections along the south 
side of McBean Creek, southeast of MoBean 
I station, are given by Vaughan,* and locaUties 
I farther upstream are described by Brantly.' 
These descriptions show that the McBean for- 
mation is variable within short distances. 
East of the Central of Georgia Railway the 
formation consists largely of sand, clay, and 
lignitic material, with marl only near the base 
of the section. West of the railway the marl 
beds become much thicker, reaching a thick- 
ness of over 60 feet, all above creek level, on 
the Newton Palmer property. The two fol- 
lowing sections are typical of the beds east and 
west of the railway: 

Section on Newton Palmer property, McBean Creek, on wett 
side of Central of Georgia Railway, 
[Measiired by J. E. Brantly, op. olt., p. 40.] 

Barnwell formation (?): Peet. 

6. Concealed interval; sandy soil on top of hill. . 34 
McBean formation: 

5. Soft white argillacepjufl ''rotten" limestone 7 

4. Medium hard highly fossiliferous limestone; 

• fossils poorly preserved 2 

3. Soft, ''rotten" to consolidated cream-colored 

argillaceous limestone 45 

2. Blue glauconidc clay like fuller's earth 6 

1. Hard arenaceous fossiliferous limestone 2 

Creek bed. 

96 

Section in gtdly on iotUh side of McBean Creek, a quarter of 

a mile east of the bridge on the Augusta-Savannah public 

road. 

[Measured by C. W. Cooke.] 

Barnwell formation (?): peet. 

6. Brilliant red massive aigillaceous sand, very 

coarse in lower portion 20 

McBean formation: 

5. Coarse incoherent yellow sand; at the top a lo- 

cally indurated ledge of friable white sand- 
stone, which elsewhere is represented by 
carbonaceous sand 30 

4. Coarse quartz sand in a matrix of greenish- 

yellow clay 4 

3. Fine yellow sand, incoherent at top, argilla- 

ceoiis below, with patches of calcareous and 
carbonaceous, almost lignitic material 5 

2. Soft fine-grained sandy gray calcareous marl, 

with a few fragments of shells and some hard 

nodules 3 

1. Concealed interval to creek level, about 30 



92 



1 Veatch, Otto, and Stephenson, L. W., op. cit., p. 242. 
t Brantly, J. E., Report on the limestones and marls of the Coastal 
Plain of Georgia: Georgia Qeol. Survey Bull. 21, pp. U-60, 1916. 
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In the bottom of the gully at the second 
locality were found a few fragments of fossil- 
iferous chert that were probably derived from 
the red sand, bed 6 of the section. The rela- 
tions of the upper bed to bed 5 are somewhat 
obscure, but it seems probable that there is an 
erosional unconformity between them. 

On the Waynesboro road, at the foot of the 
hill leading down to McBean Creek, a few frag- 
ments of shells were seen in yellow sand, 
apparently bed 3 of the preceding section, 
llie shells are not disseminated throughout 
the sand but are segregated into small patches 
of shell marl. This is probably the horizon 
from which Sloan obtained the large collection 
of fossils listed on pages 50-51. 

Silver Bluff, — The southernmost exposure of 
the Lower Cretaceous beds and the best section 
of the lower part of the McBean formation is 
seen at Silver Bluff, 27 miles by river below 
Augusta and 12 miles above Shell Bluff. 

Section at Silver Bluffy Savarmah River. 

[Described by H. K. Sbearer. Measured at west end of Uufl on South 

CsroUoa side.] 
Recent: Feet. 

8. Soil; gray sandy loam *. . . 2 

Eocene — ^McBean formation: 

7. Coarse mottled alliaceous sand 6 

6. Lenticular mass of crumbly, sandy iron- 
stained clay, somewhat like hiller's earth. 

Maximum thickness 6 

5. Coarse red and yellow cross-bedded sand 10 

4. Layer of sand cemented by limonite 1 

Unconformity. 

Lower Cretaceous: 

3. Laminated yellow and brown sandy clay, 
maximum 2 

2. Blue highly plastic clay free from grit 2. 5 

1. Yellow-gray arenaceous clay 2. 5 

31.1 

The strata classed as Lower Cretaceous were 
slightly folded prior to the deposition of the 
overlying material, but there is no evidence 
elsewhere of any considerable disturbance of 
the beds. The beds above the unconformity 
are believed to lie at the same horizon or a 
little lower than the marl beds of Claiborne 
age at Shell Bluff, but as they were deposited 
very near the shore line they contain no cal- 
careous material. If the correlation of these 
beds is correct, the Cretaceous surface dips 
beneath the river level near the mouth of 
McBean Creek. 



Shell Bluff, — Shell Bluff, on Savannah River, 
163 miles from the mouth of the river, is one 
of the classic localities in the study of the geol- 
ogy of the Coastal Plain of Georgia and South 
Carolina and has been described by many geol- 
ogists during the last century. The 140 to 150 
feet of beds exposed there have previously 
been correlated with various formations "from 
the Claiborne to the Vicksburg. In the report 
on the geology of the Coastal Plain of Georgia 
the whole series was referred to the Claiborne 
group, and the line of division between the Mc- 
Bean formation and the Barnwell sand was 
placed at the top of the Ostrea georgiana zone. 
However, Vaughan * says in that report : 

The McBean formation includes two paleontologic hori- 
zons. The lower one * * * is especially character- 
ized by PleuTotoma nodocarinata Gabb, Turritella nasuta 
Gabb, Turitella nasuta var. housUmia Harris, Ostrea sellae- 
formis Ccnrad, Pteropsis lapidosa Conrad, and Corhulafos- 
sola Meyer and Aldrich. 

A higher horizon is represented especially well along 
Savannah River, between Shell Bluff, upstream, and Grif- 
fin^s Landing, downstream. Along this stretch of the river 
a prominent ledge, largely composed of Ostrea georgiana 
Conrad, fonns the top of the McBean formation . Al thou^ 
thiaiormatiait ccmid be subdivided along Savannah River, 
it was found imjxacticabie to extend the subdivision west- 
ward, for which reason the Ostrea georgiana bed is consid- 
ered as constituting its upper portion. 

The red sand overlying the Ostrea georgiana 
zone was called the Barnwell sand, which was 
then supposed to be of Claiborne age. Since 
the publication of the Coastal Plain report, 
however, S. S. Bassler^ has identified Bryozoa 
characteristic of the Jackson deposits from the 
Ostrea georgiarui zone, and careful stratigraphic 
work has resulted In the recognition of this 
horizon in the Barnwell formation at numerous 
localities in central Georgia. 

The following generalized section at Shell 
Bluff is made up from the writers' notes and 
from sections previously published.' The 0*- 
trea georgiana zone occurs only downstream 
from the boat landing, but the underlying 
beds are exposed in the steep part of the bluff 
above the landing. 

1 Georgia Qeol. Survey Bull. 26, p. 240, 1011. 

s Oral oommunication. 

s For more detailed sections see Sloan, Earle, Catalogue of the mineral 
localities of South Carolina: South Carolina Geol. Survey, 4th ser., Bull. 
2, pp. 271-272, 1908. Veatch, Otto, and Stephenson, L. W., Georgia 
Geol. Survey Bull. 26, pp. 243-247, 1911. Brantly, J. E., Qeoi^ Geol. 
Survey Bull. 21, p. 51, 1916. 
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Oenaralized section at Shell Bluff. 

Barnwell fonnfttion: F«0t. 

7. Apparently all red argillaceous sand to level 

of upland plain. The surface of the plain 

is covered by several feet of loose gray sand, 

but clayey sand for road building is obtained 

from shallow trenches along the roads 35 

6. Ostrea georgiana zone. The base of the oyster 
bed is 80 feet above zero water level in the 
river, and although exposures are not contin- 
ous, oysters are found up to 110 feet above 
water level. The oyster ledge at the base of 
the zone contains very large shells in a matrix 
of yellowish sand. Above this is a bed of 
calcareous conglomerate containing quartz 
pebbles. Above the conglomerate bed the 
oysters are in a matrix of yellowish marl or 
hard calcareous clay, having some of the 
characteristics of fuller's earth. The matrix 
of the oyster shells contains Bryozoa of the 
Rich Hill facies of the Jackson fauna 30 

iifcBean formation: 

5. Concealed interval between the upper and 

lower blu£fs. Covered by talus from the 

Ostrea georgiana zone and other overlying 

formations but probably is a bed of sand. . 10 

4. BCoderately hard to hard light-colored marl, 

with few fossils 9 

3. I^«dge of hard brown coquina-like rock, with 

numerous hollow casts of fossils 6 

2. White to purplish sandy limestone, made up 
largely of fossils. This is the most important 
fossUiferous stratum of the McBean forma- 
tion, and Vaughan collected from it a total of 
35 species. It is characterized by laige 

specimens of Ostrea sellaeformis 6 

1- Sandy and azgillaceous marl, not abundantly 
iossiUferous; in layers differing consider- 
ably in color, hardness, and chemical com- 
position. A number of analyses show cal- 
cium carbonate content ranging from 50 
to 90 per cent, but the actual local variation 
is even greater, for there are thin ledges of 
comparatively pure limestone and other beds 
of slightly calcareous sand and clay. The 
color, as a whole, appears light gray, but in- 
dividual beds have various shades of white, 
yellow, buff, gray, and greenish yellow. 
This bed is exposed as an almost vertical 
cliff, rising from water level, in which the 
harder layers form projecting ledges 50 

^^© 99-foot bench mark of the United 
^fca^tes Army Engineers is situated near the 

a^e of the bluff, and low-water level in the 
{p^^^ is reported to be 87 feet above sea level. 
. ^ Preceding section starts approximately 90 

^^ ^bove sea level and extends to an altitude 
^^ 235 feet, with the base of the Barnwell at 

^11 Savannah River downstream from Shell 
^*^ marl of the McBean formation is exposed 

28288^-19 5 



at Demerie's Ferry, Hancock Landing, Utley 
Point, and Blue Bluff and finally passes 
beneath water level at Griffin's Landing, where 
it is overlain unconformably by the Ostrea 
georgiana zone and calcareous fuller's earth. 

UKDIFFEBEKTIATED CLAIBOBinS DEPOSITS. 

Fort Oaines, — ^A complete section of the 
Wilcox and Claiborne formations is exposed in 
a high bluff along the Georgia side of Chattahoo- 
chee River at Fort Gaines and in the slopes 
from the terrace on which the town is built up 
to the level of the upland plain. The sections 
given below show the character of the Claiborne 
in this vicinity. 

Section along road leading east from the Raymur Hotel, Fort 

Gaines. 

[Thicknesses approximate. Measured by L. W. Stephenson,! wtthoom- 

ments by H. K. Shearer.] 
Age unknown: Feet. 

8. Coarse red ferruginous pebbly sand. (Similar 
material extends down the hill for some dis- 
tance, probably creep.) Thickness to top 

of hill, half a mile from the hotel 50 

Eocene: Undifferentiated Claiborne: 

7. Greenish sandy clays and argillaceous sands, 
more or less weathered and mottled 40 

6. Compact fine greenish-gray sandstone, with 
fossil prints (fossils collected) 3 

5. Pale-green fine loose sand 3 

4. Compact fine greenish-gray sandstone, with 

fossil prints (fossils collected) 3 

3. Light-green compact, finely arenaceous clay. 
A part of the bed is indurated, breaks with 
hackly fracture, and resembles the silicified 
fuller's earth of eastern Geoigia 7 

2. Fine green sandstone ' 3 

1. Greenish clays and sands, more or less weath- 
ered and mottled 65 

176 

The following fossil mollusks from beds 4 
and 6 were identiiSed by T. W. Vaughan: 

Plejona sp. 

Turritella sp. 

Leda pharcida Dall? 

Venericardia planicosta Lamarck. 

Miltha claibornensis (Conrad). 

Cytherea sp. 

Solen lisbonensis Aldrich? 

The preceding section starts at an altitude 
of 225 feet above sea level, 15 feet below the 
level of the business section of Fort Gaines, 
which is on the second (upper) river terrace. 
The following section is exposed in the bluff a 
quarter of a mile below the wagon bridge and 

1 Georgia Oeol. Survey Bull. 26,'p. 263, 1911. 
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has its top at the edge of the terrace; at an alti- 
tude of 215 feet above sea level. 

Section of bluff at Fort Gaines. 
[Measured by Otto Veatch; descriptions revised by H. K. Shearer.] 

Pleifltocene: 

9. Coarse red sand with pebbles in the Feet. 

lower half; caps the bluff 15 

Eocene: 

Undifferentiated Claiborne : 

8. Drab fine-grained laminated clay with 
sand partings; has the appearance 
of fuller's earth but is not nearly so 
light and porous as the Twiggs clay, 
of Jackson age, and apparently has 
a more kaolinicbase 8 

7. Yellow and grayish glauconitic sand. 
Locally it is oxidized and contains 
limonite-cemented crusts 10-12 

6. Clay and sand, in part calcareous; 
consists of drab carbonaceous clay 
at base, sand in middle, and very 
sandy shell marl at the top 20 

5. Indurated clay layer or drab clay- 
stone; contains fossils and is similar 
lithologically to the claystone east of 
the town of Fort Gaines. (See pre- 
ceding section) 2-2. 5 

4. Grayish argillaceous sand 6 

3. Yellowish and gray quartz sand; con- 
tains calcareous sand nodules; 
small pebbles noted at the base; 
fossils Xenophoraj Venericardia 

planicotta 2-2. 6 

Unconformity (?). 
Wilcox formation : 

2. Clay, in part carbonaceous; calca- 
reous, and lignitic sand, etc 39 

Unconformity. 
Midway formation: 

1. Impure limestone, maximum 20 

124 

In this section the Claiborne beds occupy the 
interval from 150 to 200 feet above sea level, 
and in the preceding section they extend from 
225 to 350 feet; indicating a total thickness of 
200 feet, only 25 feet of which is concealed. 
The top of the Claiborne has not been accu- 
rately located at this place, but on the Edison 
road, half a mile southeast of Fort Gaines, the 
Qaibome is overlain unconformably by sand 
interbedded with purple and white mottled 
plastic clay at an altitude of 355 feet above sea 
level. 

The Claiborne strata are exceedingly variable 
m composition in the vicinity of Fort Gaines, 
and their lithologic appearance at the town is 
completely unlike that a mile away. This 



difference is shown at a locality on the Lower 
River Road, three-quarters of a mile south of 
Fort Gaines, where there is an exposure of 85 
feet of drab clay which is in part massive and 
sandy, in part interlaminated with sand, and 
is not fossiliferous. The clay crops out be- 
tween 180 and 265 feet above sea level and is 
thought to be of Claiborne age. 

Cuthbert. — In the cuts on the Central of 
Georgia Railway west of Cuthbert two \mcon- 
formities, beUeved to mark the top and bottom 
of the Qaibome, are exposed. The lower un- 
conformity, at an altitude of 410 feet above sea 
level, is seen near the 121-mile post, 3 miles 
west of Cuthbert. 

Section S miles west of Cuthbert^ near Itl-miU post^ Central 

of Georgia Railway. 

Undifferentiated Claiborne : Feet. 

5. Dark-red argillaceous saiid with a few clay 

laminae 14 

4. Fine gravel 1 

Unconformity. 
Wilcox formation: 

3. Light-colored argillaceous sand, with laminae 
and beds 2 or 3 feet thick of clay like fuller's 

earth 10 

2. Red argillaceous sand, with clay laminae 30 

1. Blue and gray banded clay, with some sand 
laminae, dense, approaching kaolin rather 
than fuller's earth in properties 30 



85 

A second unconformity is exposed 1 mile 
farther east, in the cut near the 120-mile post, 
at an altitude of 460 feet. 

Section 2 miles west of Cuthbert^ near 120-mile post. Central 

of Georgia Railway. 

Oligocene: Undifferentiated Vicksburg: 

2. Yellow plastic clay, partly laminated but with 
bedding much distorted by slump. Dis- 
tributed through the clay are boulders and 
irregular masses of chert, containing fossils, 
most of which are undeterminable, but the 
Vicksburg species Pecien poulsoni was 
recognized 10+ 

Unconformity. (The unconformity is very irregular 
within a vertical range of 5 feet and is 
marked locally by a layer of ferruginous 
sandstone 1 to 2 inches thick, or by a thin 
band of carbonaceous sand or clay.) 

Eocene: Undifferentiated Claiborne: 

1. Brown to yellow and red sand, a glauconitic 
sand more or less weathered, with local 
masses cemented by limonite 5-f 

Exposures between the two cuts show that 
the entire 50 feet of beds of the Claiborne con- 
sist of red sand, with only a few laminae of clay. 
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BABHWXLI. FORMATION. 
BTJBKE COUNTY. 

The Barnwell formation in Burke County 
consists of calcareous clay and shell marl 
overlain by red sand containing ledges of 
f ossiliferous chert. The Ostrea georgiana zone, 
which is characteristically developed at Shell 
Bluff (see pp. 60-61) and other localities on 
Savannah River, has been recognized also at 
several places in the interior. At Keys Mill, 
on Brushy Creek, in the northwest comer of 
Burke County, 3 miles northwest of St. Clair, a 
bed of Ostrea georgiana similar to that at Shell 
Bluff and apparently occurring at the same 
stratigraphic horizon is exposed in an excava. 
tion near the mill dam. The section at this 
locality follows. 

Section at Key$ Mill, 

Barnwell fonnation: Fwt. 

5. Red argillaceous sand containing laminae of 
yellow plastic clay near the base and quartz 
gravel beds and a few fragments of chert 
near the top 40 

4. Coarse yellow nud, carbonaceous at the base. . 10 

3. Pale-green, somewhat calcareous hackly clay 
or fuller's earth containing thin beds and 
irregular pockets of sand. The contact with 
the oyster bed is sharp 8 

2. Laige shells of 0$trea georgiana in a matrix of 
hard white limestone with patches of green- 
ish clay. A few incrusting Bryozoa were 
found ; other fossils are present but not deter- 
mluable. Similar material is reported to 
extend to a depth of 70 feet. Thickness 
seen 7 

1. Concealed interval to level of the mill pond 
(dtitude 300 (?) feet above sea level) 5 

70 

Outcrops of chert beds are abundant through- 
out Burke County. They range in altitude 
from about 300 feet above sea level in the 
northern part of the county, where they are 
found near the hilltops, to 200 feet or less in 
the stream beds of the southern part. Nearly 
all the chert appears to lie at practically the 
same horizon (near the top of the Barnwell) 
and may be residual from one thin but per- 
sistent bed of Umestone. 

The thickest and most extensive exposures 
are in bluffs along Rocky Creek (altitude about 
280 feet above sea level) near the Louisville 
road, 3.3 miles southwest of Waynesboro. The 
slope up to 20 feet above water level in Rocky 
Creek is covered with great blocks of soft and 



porous to dense and vitreous red flint contain- 
ing numerous poorly preserved fossils {Turri- 
teHaj PeriarchuSf etc.). The bed is at least 
15 feet thick. 

Other notable outcrops of chert were foimd 
at the following localities: Waynesboro-MiUen 
road 1 mile south of Waynesboro, altitude 260 
feet above sea level; Waynesboro-St. Clair road 
10 miles west of Waynesboro, altitude 335 
feet, ledge 5 feet thick; Waynesboro-Hephzibah 
road 3.1 miles northwest of Waynesboro, alti- 
tude 285 feet, 1 foot of vitreous chert overlying 
5 feet of porous chert; Girard-Millhaven road 
2.1 miles southeast of Girard, altitude 220 (?) 
feet; Girard-Millhaven road 7.3 miles southeast 
of Girard, altitude 220 (?) feet, fragments of 
white vitreous flint. 

Chert beds exposed at Johnsons Landing 
and Stony Bluff on Savannah River in or oppo- 
site Screven County, along the lower course of 
Brier Creek below Girard, and at the former 
site of Millhaven on Beaverdam Creek were 
mapped as Vicksburg in the Coastal Plain 
report but without very strong paleontologic 
evidence. Vaughan ^ later suggested that the 
rock at Johnsons Landing may be of Jackson 
age and stated that it contains Pecten per- 
pUmtLS, which is now considered diagnostic of 
the Jackson. 

Recent investigations indicate that the main 
chert beds at all the localities cited are probably 
at the same geologic horizon as those exposed 
throughout Burke and Jefferson counties — 
that is, near the top of the Barnwell forma- 
tion — but chert of later age may be present at 
some of them. The upper surface of the 
Barnwell therefore dips below water level in 
Savannah River between Stony Bluff and the 
mouth of Brier Creek, in Screven County. 

RICHMOND COUNTY. 

The Barnwell formation caps the hills north 
of McBean Creek, where it overlies the McBean 
formation, but in the absence of characteristic 
beds it is almost impossible to distinguish one 
formation from the other. In the vicinity of 
Bath and in the western part of the coimty the 
Barnwell contains at its base beds of indurated 
fuller's earth which directly overKe the Cre- 
taceous. A long, narrow area of Barnwell beds 
caps the ridge between Butler and Spirit creeks 

» U. S. Geol. Survey Prof. Paper 71, p. 739, 1912. 
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and extends northwestward into Columbia 
County, where it overlaps the Lower Creta- 
ceous beds to the edge of the crystalline area. 
As fossils are very rare in all the formations 
of Richmond Coimty, the mapping of the con- 
tacts must depend largely on lithology and 
topography. 

A good section of the lower beds of the Bam- 
well formation is exposed near a spring on the 
north slope of Moujit Enon, an isolated rem- 
nant of the original plain, near the Dean's 
Bridge road, 14 miles southwest of Augusta 
and about 3 miles northeast of Bath. 

Section on north slope of Mount Enxm. 
Eoceue: ^w^- 

Barnwell formation: 

8. Apparently all red sand to top of hill. 
Near the top are fragments of dense 

banded cherty sandstone 60 

Twiggs clay member: 

7. Soft white fuller's earth: as the top of 
the bed is not exposed, the thickness 
may be greater than indicated 3 

6. Argillaceous sandstone with abundant 
but poorly preeerv^ed fossils and 
rounded quartz pebbles an inch in 
maximum diameter 1 

5. Coarse yellow sand 11 

4. IJght-drab claystone, with angular 
and conchoidal fracture on weather- 
ing. Has a hi§;h Si02-Al203 ratio and 
is a sUicified fuller's earth, exactly 
like that at Hatcher's Mill and at 
Wrens, Jefferson County 11 

3. Gray plastic clay 1 

Unconformity. 
Lower Cretaceous: 

2. Indurated sandy kaolin, or flint clay. 10 

1. Kaolinic sand, etc., not measured. 

97 

The altitude of the top of the hill is about 
400 feet. 

At Bath about 25 feet of indurated fuller's 
earth is exposed in the slope above the spring 
and bath house on the Walker property, and 
the bed is seen at several other places in the 
vicinity, but at Hepzibah, 6 miles farther east, 
the fuller's earth beds are absent. In the pit of 
the Albion Kaolin Co. the Cretaceous kaolin is 
overlain by 100 feet of red and yellow argilla- 
ceous sand without any conspicuous clay beds. 

COLUMBIA COUNTY. 

The only Eocene deposits of Columbia 
County are several lobes that extend into the 
southern part of the coimty near Grovetown, 
Forrest, and Harlem, but some of the exposures 



are very interesting and important. The 
McBean formation is absent, and probably it 
never extended so far north. The calcareous 
beds foimd in the Barnwell farther south and 
west are here lackhig, and the formation con- 
sists of beds of fuller's earth, clay shale, or 
lignite, lying directly above the Lower Creta- 
ceous and overlain by red sand. An uncon- 
formity between the clay member and the 
red sand was noted at several places and may 
be of general occurrence throughout the 
coimty, and there are indications of local un- 
conformities within the red sand. As the beds 
are all of shallow-water origin, these uncon- 
formities may have been produced by very 
slight oscillations in the level of the land or by 
currents. 

Phinizy Gully. — ^The relations of the Barn- 
well strata to the Lower Cretaceous are well 
shown in a gully in the abandoned Augusta- 
Wrightsboro public road, 1 mile northeast of 
Grovetown, on the Phinizy property. This 
locality is especially interesting because it 
furnished a large collection of Eocene plants, 
described by Berry ,^ and because the uncon- 
formity between the Cretaceous and the Eocene 
is so well exposed here. 

Section of Phinizy G\dly, 1 mile northeast of Grovetoicn. 

Eocene: Feet. 

Barnwell formation: 

6. Yellow to red argillaceous sand, 
coarse and pebbly near b&se. Caps 
hill to east of gully, to an altitude of 

540 feet 50+ 

5. Laminated plastic greenish clay 0-3 

4. Conglomerate of varicolored kaolin 
pellets in red sand. Contaius some 

fragments of lignitized wood 0-2 

Unconformity (?). 
Twiggs clay member: 

3. Laminated shaly fuller's earth, con- 
taining leaf impressions. The bed- 
ding dips west at a smaller angle 
than the unconformity below. 

Pinches out toward the east 0-6 

Lower Cretaceous: 

2. Silicified white sandy kaolin or flint 
clay; has been described as "argil- 
laceous sandstone." The bedding 
dips 10** E.; the unconformity 
above dips 15° W. in the head of 

the gully 12 

1. Soft plastic white kaolin, interbed- 
ded with white and yellow sand, 
with some kaolin conglomerate 
near the bottom of the exposure. . 12 

» Berry, E. W., U. 8. Oeol. Survey Prof. Paper 84, pp. 130-131, 1914. 
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Orcfcetown, — Puller's earth exposed in the 
railroad cut at Grovetown station extends 4 
feet above track level and is overlain nncon- 
formably by red sand. The large cut south of 
the station shows 20 feet of cross-bedded red 
and white sand, overlying the fuller's earth. 
The altitude of the station is 495 feet above 
sea level, and the highest exposure of fuller's 
earth is at 500 feet. 

Fuller's earth was formerly mined on the 
Fiske property, about a quarter of a mile east 
of the station. When visited in 1916 the pit 
was filled with water, but according to the sec- 
tion given by Veatch Mftd Stephenson ^ it pene- 
trated 10 to 12 feet of fuller's earth, which lay 
immediately above white clay of Lower Creta- 
ceous age. The earth was not a commercial 
success for bleaching, probably because it con- 
tains a considerable amotmt of pyrite, which 
readily becomes oxidized to iron sulphate and 
sulphurous acid after drying. 

From this pit were obtained collections of 
fossil plants, which have been studied and de- 
scribed by Berry.* 

A well at Usry Bros.' gin, near Grovetown 
station, penetrated 12 feet of fuller's earth that 
is very massive and thick bedded and is cut by 
several systems of widely spaced joints. It is 
dark gray when fresh and wet but becomes 
abnost white on drying and weathering. It 
contains flakes of mica, small crystals of py- 
rite, and fragments of carbonized wood and 
stems. 

Clinpman lignite mine. — ^About 3 miles south 
of Grovetown a bed of lignite and lignitic clay 
occupies the horizon of the Twiggs clay. This 
material was formerly mined by W. C. Chap- 
man for use as a fertilizer filler, but it was suf- 
ficiently carbonaceous to be used as fuel tmder 
the boUer at the grinding plant. 

Section in lignite pit S miles south of Grovetown. 

Baro well formation: Feet. 

13. Gray or brownish incoherent sand, cap- 
ping the hill ^-4 

12. Coarse red argillaceous sand, with a bed 

of fine gravel at the base 10 

Apparent unconformity. 

11. \^ite, yellow, and red laminated plas- 
tic clay 1-4 

10. Coarse angular yellow quartz sand ; con- 
taios limonite fragments and in places 
fine gravel 15 



Barnwell formation — Continued. Feet. 

9. Varicolored croes-bedded sand and fine 
gravel, with some layers of white 

plastic clay a few inches thick 35 

8. White to buff or pink plastic clay, fill- 
ing depressioDs in the surface of the 

lignite 0-1 

Unconformity. 
Twiggs clay member: 

7. Black lignite 2-4 

6. Gray plastic clay 1 

5. Black lignite 1 

4. Gray clay, extremely plastic 1 

3. Black lignite, containing laige frag- 
ments of carbonized wood 1 

2. Light*brown plastic lignitic clay 1. 5 

1. Dark-brown clayey lignite 1.5 
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JEFFERSON COUKTT. 



1 Op. dt., p. 200. 



* Berry, E. W., op. dt., pp. 129-163. , 



Nearly the whole of Jefferson County is un- 
derlain by the Barnwell formation, and its 
outcrop covers all of the coimty except a part 
near the northern boundary, where several 
streams have cut their valleys down into the 
Lower Cretaceous beds, and the area south of 
Louisville, where the hills are capped by beds 
of Miocene (Alum Bluff) age or younger. 

The Twiggs clay member is thin but fairly 
persistent and appears in a line of exposures 
of fuller's earth across the northern part of the 
county. In general, the fuller's earth of this 
coimty contains less iron and is whiter than 
the deposits farther west. Some of it is soft 
and very Ught and porous, but farther east a 
lai:ger proportion has become indurated into 
rather hard rock by the deposition of silica 
in the pores. Some of the silicified fuller's 
earth resembles the indurated Cretaceous kao- 
lins found in the same area but may be 
distinguished from them on analysis by its 
much higher ratio of silica to alumina. South- 
ward from the northern border of the Barnwell 
formation the earth grades into calcareous clay, 
marl, and oyster-shell beds, which have few of 
the characteristics of a true fuller's earth. 

The upper part of the Barnwell formation 
is made up of a considerable but immeasured 
thickness of red sand containing thin beds of 
plastic clay, locally indurated layers of fossilif- 
erous or barren sandstone and thin beds of 
fossiliferous flint residual from original lenses 
of impure limestone. 

LouisviUe. — One of the best sections of the 
upper part of the Barnwell formation is ex- 
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posed in a gully on the east slope of Rocky 
Comfort Creek, about 300 yards above the 
wagon bridge three-quarters of a mile west of 
Louisville. 

Section tkru-quarters of a mile west of Louisville. 

Barnwell formation: F®«t. 

8. Maasiye brilliant-red argillaceous sand 10+ 

7. Fine white silica or tripoli, probably a de- 
composed chert bed 1-2 

6. Indurated yellow sand 6 

5. Bluish and yellow mottled clay, laminated 
but rather plastic, intermediate in proper- 
ties between fuller's earth and common 

pipe clay .' 3 

4. Coarse gray sand with a little clay, partly 

concealed 14i 

3. Gray sand and yellow clay, locally indurated. 2 

2. Concealed interval 15 

1. Blue calcareous foseiliferous argillaceous 
sand, weathering yellow; from creek (215 
feet above sea level) 5 
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As the red sand bed, No. 8, continues to the 
level of Louisville Court House (315 feet above 
sea level), the total thickness is 100 feet. 

A bed of Ostrea georgiana shells in a matrix of 
calcareous clay resembling fuller's earth is ex- 
posed at low water in the south bank of Ogee- 
chee River, 200 yards upstream from Cowart's 
Bridge, 2.6 miles south of Louisville. The 
bed is entirely similar to those at Danville, 
Twiggs County, and at Shell Bluff. Its 
altitude is a few feet below the base of the sec- 
tion on Rocky Comfort Creek. 

At Warren's Mill, on Big Creek 3 miles east- 
northeast of Louisville, a bed of rock jcontain- 
ing Ostrea georgiana was excavated for use in 
building a dam. There are no natural ex- 
posures of the oyster bed, but above water 
level in the creek (altitude 245 feet above sea 
level) is exposed 3 feet of blue calcareous 
fidler's earth, which dries and weathers white. 
This grades upward, by interbedding, into 
yellow argillaceous sand containing laminae of 
fuller's earth and fragments of oyster sheUs. 

Old Taum,— At Old Town Plantation, 8.4 
miles by road southeast of Louisville, a bed of 
rotten f ossilif erous chert in the red sand is ex- 
posed on the slopes up to 20 feet above the 
level of a small creek (altitude between 220 and 
250 feet). Collections of fossils made by S. W. 
McCaUie, Earle Sloan, and T. W. Vaughan were 
identified by Vaughan, who suppUed the fol- 



lowing list of fossils for the Coastal Plain 
report : ^ 

Mortonia sp. 

Caricella pyruloidee Comad. 

TurriteUa carinata Lea. 

Mesalia vetusta (Conrad). 

Calyptraea aperta (Solander). 

Glycymeris staminea (Comrad). 

Glycymerifl idonea (Conrad). 

Glycymeris n. sp. 

Crassatellites protextus var. lepidus Dall. 

Craasatellites n. sp. 

Venericardia alticostata Conrad. 

Cytherea perovata Conrad. 

Spisula praetenuis (Conrad). 

Corbula densata Conrad. 

Lunulites distans Lonsdale. 

More recent collections fximished the species 
in the following list: 

Station 7428. Old Town road, east side of Boiling Spring 
Creek. J. E. Brantly, collector, 1915. 
Mortonella quinquefaria (Say)? 
Plejona petrosa (Conrad)? 
TurriteUa carinata Lea. 
Mesalia vetusta (Conrad). 
Glycymeris staminea (Conrad). 
Venus? sp. 

Cytherea perovata Conrad. 
Crassatellites protextus (Conrad) var. 
Protocardia sp. 

Diplodonta aff. D. ungulina (Conrad), very close to 
species in basal Jackson at Sims, Miss. 

Wreris. — Fuller's earth is exposed at a num- 
ber of localities in the vicinity of Wrens and 
has been cut by many weUs in and aroimd the 
village. The earth is almost white, non- 
plastic, and noncalcareous and shows various 
degrees of induration. A section is exposed 
on the north slope of Brushy Creek, on the 
Louisville road 1 mile south of Wrens. 

Section 1 mile south of Wrens, 

Barnwell formation: I"***- 

4. Yellow sand with interlaminated clay, 
conformable with the underlying ful- 
ler's earth 20 

Twiggs clay member: 

3. Slightly indurated fuller's earth, porous, 
laminated, greenish when wet but be- 
coming pure white on drying. . Con- 
tains laminae and beds of greenish sand 
as much as several feet thick 20 

2. Light-greenish argillaceous sand, slightly 

indurated 5 

1. Concealed interval from creek level 5 

50 



1 Georgia Geol. Survey Bull. 26, p. 292, 1911. 
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The section extends from 360 to 410 feet 
above sea level, and 410 feet is also the altitude 
of Wrens station. 

Indurated fuller's earth unconf ormably over- 
lies the Cretaceous at an altitude of 325 feet 
above sea level at Hatcher's Mill, on Reedy 
Creek 5.2 miles north of Wrens; and at Patter- 
son's Bridge, on Brier Creek 7.7 miles north- 
east of Wrens, is an exposure of sandy laminated 
fuUer's earth, a part of which is indurated and 
resembles that at Hatcher's Mill. 

GLASCOCK COUNTY. 

The unconformity separating the Lower Cre- 
taceous from the Barnwell formation is plainly 
shown on the Gibson-Mitchell road at Jumping 
Gully Creek, 2 miles west of Gibson. The 
section at this locality was given by Veatch 
and Stephenson ^ and need not be repeated 
here. All the strata above the Cretaceous- 
Eocene unconformity, which lies at an altitude 
of 410 feet, should be referred to the Barnwell 
formation. 

An interesting section, which shows the 
variability of the basal beds of the Barnwell, 
is exposed in the pits of the Harbison & Walker 
Refractories Co., east of milepost 48 on the 
Augusta Southern Railroad, 2 miles east of 
Gibson. The pits are in the eastern escarp- 
ment of Rocky Comfort Creek. 

Section in fire-clay mine t mxUs east ofOibson. 

Eocene: 

Barnwell formation: Po«t. 

4. YellowiBh sand with few pebblee 7 

3. Conglomerate of yellow sand and peb- 
bles; where bed 2 is absent, this bed 

rests directly upon the Cretaceous (M 

2. Gray to yellow indurated laminated clay 
or shale, with leaf impressions; at the 
base is a patch of impure lignite which 
grades upward into the gray plastic 
clay; fills erosion hollows in the sur- 
face of the Cretaceous 0-4 

Unconformity (altitude 340 feet above sea level). 
Lower Cretaceous: 

1. Gray fire clay and indurated kaolin, not 

very hard but extremely brittle 10-15 

On the Gibson-Warren ton road 1.4 miles 
north of Gibson is exposed a section of the 
entire Cretaceous and lower part of the Eocene. 
There are no fossil-bearing beds, but the sec- 
tion is typical of deposition near the shore line. 

^ Op. dU, p. 273. 



Section at Rocky Comfort Creek l.i mike north of Oibton, 

Eocene: 

Barnwell formation: ^^t. 

9. Massive red sand to top of hill 45 

8. Interbedded red sand and red and gray 

plastic clay 10 

7. Mottled argillaceous sand, without kaolin 

fragments 20 

6. Mottled argillaceous sand, with small an- 
gular fragments of indurated kaolin 7 

5. Fine gravel, with angular fragments of 

indurated kaolin 1 

4. Limonite-cemented sandstone 1 

Unconformity. 
Lower Cretaceous: 

3. Yellow, white, and mottled kaolinic sand 5 

2. Concealed interval 50 

Pre-Cambrian (?): 

1. Granite 20 
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The altitude of this section is 355 to 515 
feet above sea level, and the Cretaceous beds 
occupy only the interval from 375 to 430 feet. 
The granite mass outcropping to 20 feet above 
the level of the creek is probably a hill or mo- 
nadnock in the pre-Cretaceous surface, as no 
more igneous rock is seen for some miles farther 
north. 

Other localities in Glascock County, with the 
fossils obtained at them, have been discussed 
on pages 46-47. 

WASHINGTON COTTNTT. 

The Barnwell formation is present through- 
out a large part of Washington Coimty. The 
bed within the formation most easily recog- 
nized by its lithology is the fuller's earth of the 
Twiggs clay member, which, although discon- 
tinuous and variable in thickness, can be traced 
by a line of outcrops from Oconee across the 
coimty to Chalker. The beds imderiying the 
fuller's earth average about 50 feet in thickness 
and consist chiefly of calcareous clay and sand, 
with locally indurated beds of quartzite con- 
taining a characteristic lower Jackson fauna. 
Above the Twiggs clay member is red sand, 
with lenses of impure limestone containing 
MorUmeUa quinquefaria (Say), which probably 
represent the chert zones of Jefferson and 
Burke coimties. The exposures of limestone 
extend from Wring Jaw Landing, on Oconee 
River a short distance south of the Washington 
County line, to Simhill, passing between San- 
dersville and Tennille, and outUers of the same 
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rock are thought to occur 2J miles south of 
Warthen, but details are not available. 

Buffalo Creek. — The Barnwell formation is 
well exposed in the steep escarpment east of 
Buffalo Creek, and sections have been measured 
along the roads east of Sheppard's Bridge, 
which is 3 miles north of the mouth of the creek 
and east of Turnpike Bridge, 5 miles farther 
north. 

Section along road east of Sheppard's Bridge, H miles north 

of Oconee. 
Eocene: 

Barnwell fonnation: Feet. 

9. Red sand with plastic clay, laminated 

toward base 70 

Twiggs clay member: 

8. Plastic laminated yellowish-green clay 12 
7. Light-yellow nonplastic porous fuller's 

earth 5 

6. Gray plastic clay, more or less sandy. 14 
5. Massive gray argillaceous sand, with 
casts of fossils, Pccten perplanus, 

Panope, Glycymrri^ 6J 

4. Interbedded sand and fuller's earth. . 7) 
3. Gray, very plastic sandy clay, becom- 
ing more sandy toward the top. 
The upper portion contains Flahel- 
htm and other poorly preserved fos- 
sils 27 

2. Gray sand, mottled with red; at base 
contains quartz pebbles as much as 
\\ inches long; clay laminae near 

the top 6 

Lower Cretaceous: 

1. Cross-bedded kaoUnic sand from level 
of Buffalo Creek . This may include 
the basal beds of the Eocene, as the 
contact has not been exactly deter- 
mined 70 



218 



The altitude of the base of bed 2 of the pre- 
ceding section is about 285 feet above sea level. 

Section along road east of Turnpike Bridge. 

Eocene: 

Barnwell formation: Feet. 

9. Red sand 35 

Twiggs clay member: 

8. Greenish plastic laminated sandy clay 10 
7. Fidler's earth. The exposures are not 
quite continuous, and there may be 
interbedded sandy strata in the 
covered intervals. AU the earth in 
sight, however, appears to be of suffi- 
cient purity for use as a bleaching 
earth. It is light greenish yellow, 
fine grained, nonplastic, noncalca- 
reous, and somewhat iron stained on 
account of its proximity to the sur- 
face but containB very Uttle sand ... 40 



Eocene — Continued . 

Barnwell formation — Continued. 

Twiggs clay member — Continued. 

6. Covered interval. Beds probably of 
same character as the next under- 
lying stratum. A spring emerges 

near the top of the inter\'al 20 

5. Dark-gray sandy clay 5 

4. Greenish, slightly plastic clay, resem- 
bling fuller's earth in appearance, 
containing considerable sand and 

afewfossils 25 

3. Sandy and calcareous clay, containing 

Flabellum 3 

2. Gray sandy clay at base, grading up- 
ward into blue or greenish, very 

plastic gumbo or pipe clay 12 

Unconformity (altitude 300 feet above sea level). 
Lower Cretaceous: 

1. Light-colored sand containing lenses 
of white kaolin, from level of Buf- 
falo Creek 70 

"2^ 

SandersviUe. — Near the Little Keg Creek 
bridge, 7.2 miles by road northwest of Sanders- 
viUe and 8 miles in an air line northeast of 
Turnpike Bridge (see section and discussion, 
p. 48), the fuller's-earth bed is not present, but 
it comes in again farther south and is exposed 
where the same road crosses Rocky Branch, 
3.2 miles by road northwest of SandersviUe. 

Section along public road south of Rocky Branch , *.i mik* 

northwest of Sandersville. 

Barnwell formation: Feet. 

6. Massive red sand to top of hill 90 

5. Gray and yellow argillaceous sand 12 

Twiggs clay member: 

4. Greenish fuller's earth, containing a few 

laminae of sand 10 

3. Red sand with laminae and thin beds of 

greenish fuller's earth 10 

2. Gray and greenish clay, becoming sandy 

and fossiliferous toward the top 7 

1. Concealed interval from level of Rocky 

Branch 5 

"134 

As the base of this section is at an altitude 
of 330 feet, it can not be far above the top of 
the Cretaceous. 

Limestone referred to the upper part of the 
Barnwell formation is exposed at the spring 
and lime sink at the head of Limestone Creek, 
1 mile south of the courthouse at Sandersville. 
The topographic relations of the exposures are 
well shown in the sketch map by Brantly.* 
The section is as follows: 

1 Brantly, J. E., Limestones and marls of the Coastal Plain of Georgia. 
Georgia GeoL Survey BalL 21, p. 59, 1916. 
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Section 1 mxU south of Sander niUe. 

Barnwell formation: FMt. 

6. Red aand to top of hill 10± 

5. GoaiBB gray sandstone, irregularly indurated 

and terminating laterally in red sand 6 

4. Gray sand, oxidized red and yellow, exposed 

along road 16 

3. light-gray chalky limestone; contains Jfor- 

Umella quinqwtfaria (Say) in abundance 

and casts of other fossils; Oitrea georgiana 

is reported here.^ Exposed in sink 12 

2. Gray, very sandy limestone with obscure 

fossils /. 6 ± 

1. Bright-blue incoherent sand, apparently 

grading laterally into gray sandy limestone. 

Exposed in stream below sink 2 

The altitude of the base of the exposure is 
400 feet, which must be approximately 100 
feet above the top of the Cretaceous and strati- 
graphically higher than the calcareous fuller's 
earth and limestone beds found in a well near 
Limestone Church, 3 miles down the creek. 
The yellowish and mottled sands that cap the 
lulls within a mile south of this exposure prob- 
ably belong to the Alimi Bluff formation, 
'which overlaps the beds of Vicksbuig age. 

SunhiU, — ^Limestone of the same horizon as 
that exposed at Sandersville was formerly 
used in the manufacture of lime at Smihiil. 
The old kiln and quarry are on the south slope 
of Williamson's Swamp Creek, an eighth of a 
mile southeast of the station. Brantly ' gives 
the following section: 

Section in old quarry at SunhUL 

5. Red aigillaceous sand 10 

1. Medium-grained white sand grading into yellow 

sand 5 

3. White calcareous clay 2 

2. Arenaceous limestone or calcareous sandstone 3 

1. Hard white compact, partly crystalline limestone. 9 



29 

As the altitude of the base of this section is 
355 feet above sea level and as the normal dip 
of the beds is about 10 feet to the mile toward 
the southeast, the limestone must lie at about 
the same horizon as that at Sandersville. 

Specimens of MortaneUa quinquefaria (Say) 
in a matrix of limestone like that near Sanders- 
ville and Sunhill, collected by S. W. McCallie 
on the T. W. Smith farm, 2i miles south of 
Warthen (U. S. G. S. station 3953), indicate 

1 Vflatch, Otto, and StepheoMm, L. W., Georgia a«ol. Surrey Bull. 36, 
p. 253, 1911. 
' Op. dUf p. Al« 



the presence of outliers of this bed several 
miles north of the exposiu*es described. 

Warfhen. — A good exposure of the Twiggs 
clay member of the Barnwell formation is 
foimd on the property of A. J. Irwin, 3 miles 
south of Warthen and 6 miles north of Sanders- 
ville, at the head of a branch of Little Keg 
Creek. 

Section on Irwin property ^ 3 miles eoiUh of Warthen. 

Barnwell formation: Feet. 

5. Maasive red sand. This bed overlies the 
clay with a sharp contact, showing no 
sign of gradation, which may represent 

a local unconformity 40 

Twiggs clay member: 

4. Greenish plastic clay and indurated 
sandy clay 2 

3. Good fuUer's earth, brownish gray when 
dry, laminated, brittle, and free from 
grit 8 

2. Plastic greenish clay, with a tendency to 
crumble on drying 16 

1. Greenish sandy, nonplastic clay resem- 
bling fuller's earth, containing thin 
beds of sand and plastic clay 20 

85 

This section extends from 365 to 450 feet 
above sea level, with the top of the clay mem- 
ber at 410 feet. The normal dip of the beds 
would carry the clay well below the limestone 
exposm*es at Sandersville and Simhiil. 

On the property of John and George Powell, 
about 1 mile nortli of the locality on the Irwin 
property just described, are outcrops of a bed 
of white to dark-brown cherty sandstone con- 
taining small masses and veinlets of iridescent 
opal, some of which are said to be large enough 
to cut aa gems. Much fragmental material 
from this bed is scattered in the vicinity of the 
outcrops. The chert contains silicified frag- 
ments of echinoids, but determinable fossils 
are rare. 

The stratigraphic position of this chert bed 
is very near the base of the Barnwell. Beds of 
chert and sandstone at the base of the Barnwell 
are more extensively developed and more fos- 
siliferous farther northeast, in the vicinity of 
Chalker and Gibson. 

ChaOcer, — ^Near milepost 65 on the Augusta 
Southern Railroad, l\ miles southwest of 
Chalker, a lens of sandy kaolin of Lower Cre- 
taceous age (used in the manufacture of com- 
mon pottery) is overlain unconformably by 6 
feet of bedded yellow to white clayey sand of 
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Eocene age. A quarter of a mile southwest of 
the pottery pit about 10 feet of indurated 
fuller's earth is exposed above the railroad level, 
overlain by a thin bed of quartzite, and be- 
low the railroad level and just above the Cre- 
taceous is a bed of hard f ossilif erous sandstone. 
The following species were obtained at this 
locality: 

Station 7708. Base of Barnwell formation, Augusta South- 
em Eailroad, li miles southwest of Chalker, Washington 
County, Ga., Cooke and Shearer, collectors, 1916. . 

Mesalia vetusta Conrad. 

Turritella carinata Lea. 

Cerithium sp. 

Glycymeris staminea (Conrad). 

Mytilus texanus (Gabb). 

Corbula alabamiensis Lea. 

Meretrix sp. 

Yenencardift sp. 

To these should be added FlaheUum cunei- 
forme Lonsdale, Barbatia cuculloides (Conrad), 
and Ostrea georgiana Conrad ? (identified by T. 
W. Vaughan*), which were collected by S. W. 
McCallie at the same locality (station 3945). 

One mile south of Chalker, where the road 
to Sandersville ascends from the Ogeechee 
Valley to the upland plain, a section is exposed 
which carries no fossiliferous beds but shows 
well the character of the Barnwell formation. 

Section along Sandersville road 1 mile south of Chalker, 

Ek>cene: 

Barnwell formation: Feet. 

10. Massive red and mottled sand to top 

ofhill 30 

9. Ked sand with laminae of white and 
bright-purple clay. This color- 
ing is characteristic of the Alum 
Bluff formation in the southern 
port of the State, but it is un- 
likely that that formation extends 

so far north 17 

8. Yellow and mottled sand 16 

Twiggs clay member: 

7. Greenish laminated fuller's earth, 
stained and somewhat plastic on 

account of weathering 11 

6. Coarse yellow sand 11 

5. Greenish laminated fuller's earth, 

free from sand 1 

4. Concealed interval 10 

3. Fuller's earth containing a little sand. 4 
2. Sand with laminae of fuller's earth.. 4 
Lower Cretaceous: 

1. White sand with kaolin lenses; to 
level of Chalker station 55 
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1- Georgia Oeol. Survey BulL 26, p. 276, 1911. 



The Cretaceous surface in this area, as well 
as in the counties farther east, is much more 
irregular than to the west, showing a drop of 
no less than 50 feet between this exposure (alti- 
tude about 385 feet) and the vicinity of the 
sandstone exposures not more than a mile 
away. 

WILKINSON COtTNTT. 

The upland areas of Wilkinson County are 
underlain by beds of Jackson age, but Oconee 
River and Commissioners and Big Sandy 
creeks have cut their valleys down into the 
Lower Cretaceous strata. The Barnwell strata 
cover the southern part of the coimty and form 
a narrow lobe along the ridge between Big 
Sandy and Commissioners creeks and an elon- 
gated erosional outlier between Commissioners 
Creek and Oconee River. Both of the latter 
areas extend beyond the northern boundary of 
the county. Chert of Vicksburg. age is foimd 
along the southern county line, and it is possi- 
ble, as in Twiggs County, that a part of the red 
sand farther north belongs to that formation. 

A gradual change in the character of the de- 
posits of Jackson age from west to east is notice- 
able in the area between Ocmulgee and Oconee 
rivers. The Tivola tongue of the Ocala lime- 
stone is nearly 50 feet thick along the Ocmulgee, 
in Twiggs and Houston counties, but it pinches 
out before reaching the Oconee. In Wilkinson 
County it is thin and very impure and is absent 
at many localities. The largest exposure is on 
the property of the General Bauxite Corpora- 
tion near Toomsboro, but the bed there car- 
ries only about 50 per cent of calcium carbonate, 
the remainder being sand and clay. The lime- 
stone that is exposed on Oconee River at Wring 
Jaw Landing, Johnson Coimty,* is correlated 
not with the bryozoan-bearing Umestone of the 
southwestern part of the State but with the 
limestone beds at a higher Jackson horizon 
which are exposed near Sandersville. (See 
pp. 68-69.) 

In Wilkinson County the Twiggs clay mem- 
ber is less persistent and less pure than in 
Twiggs Coimty, and the material is generally 
too sandy or calcareous to serve as a commer- 
cial fuller's earth. Locally both limestone and 
fuller's earth are absent, and the Barnwell for- 
mation consists entirely of red sand with a few 
thin beds of plastic clay or gumbo. 

t Veatoh, Otto, and Stapheoflon, L. W., op. oit., p. 305. 
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0€fdcn. — ^A section typical of the beds in the 
northern part of the county is exposed in a pit 
of the Savannah KaoUn Co.^ 1 mile south of 
Gordon. 

Section in pit oj Savannah Kaolin Co. 
Eocene: Feet 

Barnwell formation (upper part): 

5. Red and mottled argillareous sand 

to the top of the hill 60 

Twiggs clay member: 

4. Greeniah-yellow fuller's earth, con- 

taining chalk nodules and a few 

fossils 10 

Ocala limestone (Tivola tongue): 

5. Sandy limestone, with PeeUn per- 

pkmu8 and abundant bryozoa 4 

Barnwell formation (basal part): 

2. Argillaceous glauconitic sand filling 
erosion depressions in the Creta- 
ceous surface ; 0-2 

Unconformity. 

Lower Cretaceous: 

1. Massive white kaolin '30 
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Bed 3 of this section represents the tip of 
the Tivola tongue of the Ocala limestone. 

Big Sandy VaUey. — In the exposures along 
the Valley of Big Sandy Creek the Tivola tongue 
of limestone is generally absent or is repre- 
sented by local beds of f ossilif erous chert, but 
the fuMer's earth bed is well developed. A 
typical section is exposed along the public road 
on the southwest side of Big Sandy Creek near 
Saod Bed Bridge, 3 miles south of Irwinton. 

Seetion near Sand Bed Bridge, on wuthumt side of Big Sandy 

Creek, 
Eocene: 

Barnwell formation: Feet. 

6. Red, yellow, and mottled argillaceous 
sand, containing some thin beds of 

plasticclay 40 

Twiggs clay member: 

5. Thin bed of sticky yellowish clay, not 

well exposed 6? 

• 4. Fuller's earth, containing a few part- 
ings of yeUow sand not over 1 inch 
thick, but the greater part of the in- 
terval is thick-bedded light-colored 
earth 25 

3. Very plastic bluish clay; several feet 
exposed, but the top and bottom of 
the bed are concealed 5? 

2. At bottom red sand with laminae of 

clay resembling fuller's earth; 

above, mottled red and bluish 

clayey sand 25 

Unconformity. 

Lower Cretaceous: 

1. Massive white kaolin 15 
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Toamaboro. — In the immediate vicinity of 
Toomsboro no limestone nor fuller's earth is 
exposed and the Barnwell seems to consist 
entirely of red s%nd, but the missing beds crop 
out on the property of the General Bauxite 
Corporation, 3 miles west of the station. No 
complete section is exposed. The foDowing 
section is made up from aneroid readings taken 
at widely separated outcrops: 

Section on property of the General Bauxite Corporation^ 

3 miU$ tuesi of Toomahoro. 

Eocene: 

Barnwell formation: 

5. Red sands capping hills. AlUtode 

Twiggs, clay member : in te»t. 

4. Calcareous fuller's earth 300 

Ocala limestone (Tivola tongue): 

3. Hard and soft yellow impure 
limestone (50 per cent GaCOg), 
containing Peeten perplanru^ 
Periarchus pUeue-eineneis, and 
Bryozoa of the Rich Hill facies 

of the Jackson fauna 270-290 

Unconformity 250 

Lower Cretaceous: 

2. Bauxite lenses. 

1. Kaolin and kaolinic sands. 

BALDWIN COUNTY. 

So far as known, only one lohe of the Bam- 
well formation enters Baldwin County. The 
Barnwell material forms the overburden at 
the fire-clay pits of the Stevens Bros. Co., 
at Stevens Pottery; and in one of these pits 
the section given below was measured. 

Section in clay pit^ Stevene Pottery. 

Eocene: 

Barnwell formation (Twiggs clay member): Feet. 

5. Soil, consisting of weathered fuller's earth 
mixed with red sand 3 

4. Fuller's earth, sandy, iron-stained, of 
higher specific gravity than commer- 
cially valuable earth of Twiggs County 
but very similar to the latter in appear- 
ance and composition; contains casts of 
fossils 12 

3. Blue argillaceous marl; Bryozoa very 
abundant in lower part; Mollusca more 
abundant toward top 10 

2. Light-green glauconitic clayey sand filling 
minor irregularities in the Cretaceous 

surface ; contains a few Bryozoa 0-2 

Lower Cretaceous: 

1. Massive kaolin, locally sandy or bauxitic, 
used as fire clay 20 
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Station 7755. Bed 3 of section at Stevens Pottery, Central 
of Georgia Railway, Baldwin County, Ga. C. Wythe 
Cooke, collector, 1916. 

Bryozoa (Rich Hill facias of Jackson fauna). 

Turritella cf. T. arenicola var. branneri Harris. 

Calyptraea sp. 

Nucula ovula Lea. 

Yoldia sp. 

Leda cf. L. coelata Conrad. 

Leda albirupina Harris? 

Panope oblongata (Conrad)? 

Pecten i>erplanus Morton? 

Pseudamusium sp. 

Corbula oniscus var. (probably) wailesiana Dall. 

Phacoides (MDtha) claibomensis Conrad. 

Tel Una sp. 

Tagelus? sp. 

Cytherea discoidalis Conrad? (also at Roberts). 

Venericardia planicosta (Lamarck). 

Venericardia sp. 

JONES COUNTY. 

Several small isolated areas of beds of Jack- 
son age extend into the southern part of Jones 
County, locally overlapping the Lower Creta- 
ceous deposits and resting upon the crystalline 
basement rocks. 

Interesting exposures of fossiliferous beds 
occur in the cuts of the Georgia Railroad, 
near Roberts, 9.4 miles by rail northeast of 
Macon. The best section is shown in the cut 
1 mile northeast of the station, near the over- 
head crossing of the Central of Georgia Railway. 

Section in cut 1 milt northeast of RoherU.^ 
Eocene: 

Barnwell formation: Feet. 

6. Loose red sand, containing a few 
scattered quartz pebbles; no fossils 

observed 10 

Twiggs clay member: 

5. Greenish and drab laminated sandy 
clay (fuller's earth), porous and of 

low, specific gravity 12 

4. Laminated sandy clay containing 
white chalk nodules and casts of 
fossils. The upper 2 fee^ of the bed 
is very fossiliferous. This bed is a 

typical calcareous fuller's earth 8 

3. Bluish fossiliferous mud or marl 8 

Gr3rstalline basement: 

2. Concealed a few feet ? 

1. Crystalline igneous rock. 

The igneous rock does not appear in this 
cut but crops out in the next cut, a quarter of a 
mile farther northeast, where it is overlain by 
red sand. The highest altitude reached by the 
crystalline rock in this cut is 590 feet; the 
base of bed 3 in the section is 595 feet above 
sea level. 



1 Adapted from Veatoh, Otto, and Stephenson, L. W., op. clt., p. 280. 



The amount of overlap of the Bamwdl beds 
on the crystalline rock at this point is not 
great, for in a cut less than a mile south of 
Roberts the red sand of Jackson age uncon- 
f ormably overlies gray micaceous kaolinic sand 
of the Cretaceous. 

Bed 3 closely resembles the corresponding 
strattun (No. 3) in the section at Stevens Pot* 
tery, and the sections are similar in other re- 
spects. 

The exposures near Roberts were first stud- 
ied by Harris,' who referred the . strata to 
the upper Wilcox ("Lignitic"). Preliminary 
study of coQections of fossils made by McCaUie^ 
Sloan, and Vaughan led Vaughan • to the con- 
clusion that the beds are of lower Claiborne 
age. It appears, however, that the determi- 
nations of the most critical species were based 
on very imperfect material, and the correct- 
ness of some of them is open to question. The 
list of species as here revised contains a num- 
ber of species in conunon with the lower Jack- 
son fauna of Arkansas and bears a close re- 
semblance to that of the species occurring in 
the lower part of the Barnwell formation near 
Gibson. This opinion of the age is in accord- 
ance with the Uthologic and structural evi- 
dence, which shows that these beds are of the 
same age as the fuller's earth and bryozoan- 
bearing limestone of Twiggs County. The re- 
vised list of species follows: 

Fossils from cut on Georgia Railroad 1 miU east of RoherUy 

Jones County. 

[Identified by T. W. Vaughan; list revised by C. W. Cooke.] 



Collected by — 



Endopachys maclurii (Lea) 

Cylicima sp 

Piejona petroea (Conrad) 

Clavelitnes sp 

Mazzalina sp 

Levifusus branneri Harris? 
Pseudoliva vetusta (Conrad) 
Turritella apita De Grog 

Turritella ep 

Turritella carinata Lea? 
Turritella arenicola Conrad 

Natica sp 

Calyptraea aperta (Solander) 

Adeorbis sp 

Nucula ovula Lea 

Yoldia aff . Y. psammotaea Dall 

Leda albirupina Harris 

Leda sp 

Trigonarca sp 




> Harris, O. D., Eocene outcrops in oeotral Georgia: Bull. Am. PaleoO' 
tology, vol. 4, p. 4, 1902. 
* Georgia Geol. Survey Bull. 26, p. 282, 1911. 
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FostUsfrom cut on Chorgia Railroad 1 mile east o/RoberU, 

Jones County — Continued. 



Collected by — 



McCalUe. 



X 
X 



X 



Glycymerifl ep ! 

Gl vcy merie trieonella ( Conrad ) ? X 

Oebea alabamienms Lea | 

Pteria lunula (Conrad) 

Pecten n. sp ' 

Pecten ^Pseudamuaium) sciutillatuf) 

Conraa 

Modiolus alabamiensiB Aldrich 

Periploma sp 

Venericardia planicosta (Lamarck). . 
Protocardia, probably P. nicolleti 

(Conrad) 

Phacoides (Miltha) claibomensia 

(Conrad) 

Cythereasp 

C\'therea aiacoidaliB Conrad? 

Psammobia sp 

Spisula parilis (Conrad) or S. fune- 

rata (Conrad) 

Corfoula onisrus Conrad 

Corbulaalabamiends Lea 



Sloan and 
Vaugban. 



X 
X 
X 
X 
X 



X 



X 

X 



X 
X 
X 



X 



X 
X 



X 
X 
X 



TWIGGS COUNTY. 

Vicinity of Pikes Peak, — The Twiggs clay 
member of the Barnwell attains its greatest 
thickness in Twiggs County, where, at Pikes 
Peak, it is mined for use as fuller's earth. The 
member changes considerably in character 
from north to south within the county. The 
best exposures in the northern part are on the 
property of the General Reduction Co., near 
Pikes Peak, where there are two well-defined 
beds of fuller's earth in an interval of about 100 
feet. The lower bed is about 45 feet thick, the 
upper more than 20 feet, and the two are sepa- 
rated by a bed of greenish-yellow fossiliferous 
sand which reaches a thickness of 30 feet. The 
earth in this vicinity is not calcareous, except 
near the base, where it grades into limestone. 
Where leached and oxidized by surface water 
it has a pale-yellow to cream color and is ex- 
tremely light and porous; but below the zone 
of oxidation it is usually dark gray and contains 
organic matter and pyrite. Farther south, 
in the neighborhood of Danville and Westlake, 
for instance, the fuUer's-earth bed becomes 
thinner as the underlying limestone thickens 
and the clay becomes more and more calcareous. 
The calcareous clay is blue or gray when un- 
oxidized, but becomes cream-colored or yellow 
at the surface. As it is much less pervious than 
the noncalcareous variety farther north, the 
zone of oxidation in many parts of its outcrop 



extends less than an inch from the surface, 
whereas in the northern part of the coimty the 
material is oxidized to depths of many feet. 

Section in fuller^ s-earth mine of the General Reduction Co, 
half a mile northwest of Pikes Peak. 

fiamwell formation (?): Feet. 

8. Massive dark-red sand 17 

7. Fine quartz gravel, indistinctly bedded. 10 

6. Varicolored sands with thin layers and 
fragments of sticky plastic ''gumbo'' 
clay. Some layers of the sand are slight- 
ly indurated 8 

Unconformity (?), 
Twiggs clay member: 

5. Light-colored fuller's earth. The lower 
portion is thin bedded, with fine sandy 
partings stained by oxides of iron and 
manganese. Toward the top the earth 
becomes more massive, and the beds 
are several feet thick between partings. 
The whole mass of fuller's earth is cut 
by joints in various directions, and iron 
and manganese stains are found along 
the joint planes. Some of the joints 
and partings are slickensided, showing 
that slight movements, probably caused 
by shrinkage, have occurred . This bed, 
which is uniform in texture and com- 
position and is very light and porous, 
constitutes the commercially valuable 
fuller's earth 17 

4. Dark-colored fuller's earth, almost black 
when wet but becoming light gray on 
drying. The dark color is probably due 
to organic matter. The clay contains 
visible crystals of pyrite and gives off 
a strong odor of sulphur dioxide when 
dried at 100° C. It also contains scat- 
tered concretions of hard siliceous mate- 
rial. The black layer thins to the north 
and west — that is, the slope of its upper 
surface follows the slope of the hill. The 
line of contact with the light-colored 
earth is sharp and even, but there is no 
visible change in texture, and the con- 
tact was observed to cut obliquely 
across the sand partings (bedding 
planes). It is evident that the light 
earth has been derived from the dark 
variety by leaching and oxidation of 
pyrite and carbonaceous matter 5 

3. Yellow-drab fuller's earth. The lower 
part of the bed is mottled and banded 
with grains and layers of dark-colored 
oxides of iron and manganese 1 

2. Greenish-yellow sand containing some 
poorly preserved fossils. This bed is 
shown in borings in the floor of the mine 
and in wells near the mill 50 

1. Light-yellow fuller's earth, penetrated in 
welb near the mill ? 

108 
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The irregularity of the upper surface of the 
fuller's-earth bed indicates an unconformity 
between beds 5 and 6, and an unconformity at 
the same horizon is seen between the red sand 
and the fuller's earth in the railroad cut at 
Pikes Peak station. In the absence of paleon- 
tologic evidence it can not be certainly stated 
whether this unconformity is within the Bam- 
well or whether it separates the Barnwell for- 
mation from the Vicksburg formation. 

On the property of J. D. Crump, which 
adjoins that of the General Reduction Co. on 
the northwest, and on the Lowe Wall property, 
1 mile farther south, 12 feet of limestone con- 
taining Bryozoa (Rich Hill facies of Jackson 
faima), Periarchus pileus-sinensiSy and Pecten 
perplanus occurs at an altitude a little more 
than 100 feet lower than the top of the fuller's 
earth in the section just given (which is 585 
feet above sea level). The limestone is imder- 
lain by tenacious yellow sand. 

Gallemore, — ^A f ossilif erous marl, consisting of 
fine quartz sand in a matrix of day and calcium 
carbonate, is exposed in the bed of Turkey 
Creek (altitude, 380 feet above sea level) at 
Qallemore, or Willis, 4 miles northeast of Dan- 
ville. That this marl is a shoal-water deposit 
of Jackson age is shown by the species in the 
following list: 

Station 7699. Boulders below mill at Gallemore, Twiggs 
County, Ga. C. Wythe Cooke^ collector, 1916. 
Plejona petrosa (Conrad). 
Mesalia vetusta (Conrad). 
Nucula 8p. 

Leda coelata (Conrad)? 
Glycymeris staminea (Conrad)? 
Corbula oniscus Conrad. 
Spisula x>arilis Conrad? 
Fanope sp. 
Meretrix sp. 

Phacoides (Miltha) claibomensis (Conrad). 
Phacoides (Miltha) pandatus (Conrad)? 
Phacoides (Here) alveatus (Conrad). 
Yenericardia planicosta (Lamarck). 

All these species are represented by casts and 
molds. The following additional species, iden- 
tified by T. W. Vaughan, were cited from this 
locality by Veatch and Stephenson:* Calyp- 
traea aperta (Solander), TurriteUa carinata Lea, 
and Diphdonta ungvlina (Conrad) ? 

Section along public road east from Qallemore. 

Oligocene (?): Vicksburg formation (?): Feet. 

7. Red argillaceous sand 60 

6. Basal conglomerate of red sand containiilg 

limestone and quartzite pebbles 1 

1 Op. dt., p. 266. 



Unconformity (?). 

Eocene: Barnwell formation: 

5. Redsand : 10 

4. Plastic "gumbo" clay 2 

3. Redsand 10 

2. Concealed interval from creek to railroad level 15 

1. Marl exposures in creek bed (station 7699) 7 

98 

The unconformity between beds 5 and 6 
may be the same as that seen at Pikes Peak. 

Turkey Creek. — ^Beside the tracks of the 
Macon, Dublin & Savannah Railroad just 
south of Turkey CJreek, 1^ miles northwest of 
Danville, hackly yellow fuller's earth, some- 
what calcareous and containing several thin 
ledges of hard argillaceous limestone near the 
top, rises 10 or 15 feet above the swamp level. 
At the top (altitude about 380 feet) is a 
stratum of sandy calcareous clay loaded with 
shells of Ostrea georgiana associated with im- 
pressions of other mollusks, including a large 
Myiilusf. 

Sections near Dry Branch have been de- 
scribed on pages 42-44 and need not be repeated 
here. 

BIBB COUNTY. 

An area underlain by the Barnwell formation 
extends into the southern part of Bibb Coimty 
near*Dry Branch and includes the localities ^t 
Browns Moimtain and Bond's store which 
have already been described (pp. 47-48). 

About 1^ miles south of Bond's store, on the 
John Tharpe estate near the boundary between 
Twiggs and Bibb coimties, the fuUer's-earth 
beds become very prominent but the bryozoan- 
bearing limestbne and sandstone are absent. 
The section is well exposed in gullies above and 
below the level of the Macon-Marion road. 

Section on the John Tharpe estate ^ Maeon- Marion road 

10 miles soiUhsast of Macon. 

Eocene: 

Barnwell fonnation: Feet. 

4. Red sand, probably extending to top 
of hill, 75 feet in all. Thickness seen 55 
Twiggs clay member: 

3. Gray hackly fuller's earth, more or 
less sandy throughout but especially 
so at top and bottom. Crassatelliles 
and fossil plants (station 7694) found 

20 feet below top 80 

2. Yellow sand to level of road 20 

Unconformity. 
Lower Cretaceous: 

1. White plastic kaolin aadkaoUnic sand ? 

155 
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Prof. E. W. Berry has kindly furnished the 
following annotated list of plants collected hy 
the writers at this locality: 

Station 7694. Tharpe estate, 10 miles southeast of Macon . 
Acrostichtim georgianum Berry (common; new to 

locality). 
Dodonaea viscosoidee Berry (common). 
Ficus claibomensis Berry (common). 
Pteris inquirenda Berry (new to locality; also at 

Newton, Miss.). 
Pisonia claibomensis Berry. 
Rhizophora eocenica Berry. 
Myrica nigricans Leequereux (new to locality; also 

Green River formation of Wyoming. Referred by 

me to Cupanites). 
Potamogeton sp. (new). 
Carpolithus najasoides Berry, n. sp. (seed). 

The following additional species were col- 
lected by Prof. Berry at the same locality:* 

Arundo pseudogoepperti Berry. 
Oonocarpus eocenica Berry? 
Malapoenna sp. 
Mimosites geoigiana Berry. 
Sphaerites claibomensis Berry. 

South and west of Macon there are several 
isolated exposures of red sand with thin beds 
of plastic clay unconformably overlying the 
light-colored sands and clays of the Upper and 
Lower Cretaceous and resembling the Barnwell 
deposits of northern Houston County. 

BLECKLEY COUNTY. 

As the outcrops of the BamweU beds in 
Bibb County are typical of near-shore deposi- 
tion, those of the northern part of Bleckley 
County are typical of the deeper-water deposits 
now found near the southern limit of exposure 
of deposits of Jackson age. The deposits of 
Jackson age in this county are ahnost entirely 
calcareous, consisting of blue clay of the fuller^s- 
earth type, sandy marl, and bryozoan-bearing 
limestone, overlain by red sand which belongs 
largely to the Vicksburg formation. 

Ainslie. — An excellent exposure of the Ti- 
vola tongue of the Ocala limestone occurs on 
the east side of SheUstone Creek 1 { miles east 
of AinsUe. The following section is adapted 
from that given by Brantly:' 

* Berry, E. W., The Upper Cretaceous and Eocene floras of South 
Carolina and Georgia: U. 8. Qeol. Survey Prof. Paper 84, p. 131, 1914. 

* Brantly, J. E., Q«orgia Qeol. Survey Dull. 21, p. 21, 191d. 



Section on Weaiherly place, on east tide of Shellstone Creek^ 

H miUa east of Ainslie. 

ResLdual Oligocene or Eocene: 

VickBburg or Barnwell formation: Fm*- 

6. Red aigillaceoua aand to top of escarp- 
ment. No sharp line of contact between 

this and the underljdng bed 40 

Eocene: 

Barnwell formation (Twiggs clay member) : 

5. Cream-colored fuller's earth (weathered), 

with some sand 20 

Ocala limestone (Tivola tongue) : 

4. Hard pinkish, partly crystalline limestone. 1 
3. Medium hard white, highly fossiliferous 

limestone 5 

2. Soft white porous, friable, highly fossilif- 
erous limestone 15 

1. Creek bottom land 3 
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The following fossils from the Weaiherly 
place were identified by C. W. Cooke: 

Upper 1 foot of bed 3: 

Poiarchus sp. 

Semele? sp. 
Lower 1 foot of bed 3: 

Lunulites sp. 

Flabellum wailesii Conrad? 

Endopachys maclurii (Lea)? 

Dentalium sp. 

Leda multilineata Conrad. 

Panope sp. 

CrassatelUtes sp. 
Bed 2: 

Bryozoa (Rich Hill fades of Jackson fauna). 

Periarchus pileus-ainensis (Ravenel)? 

Pecten perplanus Morton. 

Deese property. — ^Limestone and calcareous 
fuller's-earth beds of Jackson age are well 
exposed on the property of J. T. Deese on the 
southeast side of Shellstone Creek, 10 miles 
north of Cochran. The beds show local varia- 
tions, but the following section, measured in a 
gully near the Deese residence, may be taken 
as typical. 

Section on Deese property ^ near Shellstone Creek, 

Oligocene or Eocene: 

Vicksburg or Barnwell formation: f^^" 

9. Red sand with chert ledges, to the flat 

summit of the hill 50 

Eocene: 

BamweU formation (Twiggs clay member) : 

8. Blue calcareous fuller's earth, thin bedded, 
fossiliferous, more sandy than the imder- 
lying beds 3 
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Eocene — Continued . 

Barnwell formation — Continued. Feet. 

7. Thin bed of hard impure foeailiferouB lime- 
stone, probably 2 

6. Blue calcareous fuller's earth weathered to 
light yellowish gray at the surface 20 

5. Blue calcareous fuller's earth, containing 
harder and more calcareous layers 10 

4. Blue calcareous fuller's earth, almost free 

from sand and grit 20 

3. Concealed interval 10 

2. Interbedded hard massive blue ai^illa- 
ceous limestone and blue calcareous 
fuller's earth. (These are varying 
phases of the same formation, the hard- 
ness depending on the percentage of 
calcium carbonate) 5 

1. Rotten foasiliferous limestone 5 
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The base of this section (altitude, about 300 
feet above sea level) is about 10 feet higher 
than the top of the Tivola tongue of the Ocala 
limestone exposed in the escarpment of Shell- 
stone Creek li miles northwest of the Deese 
residence and is stratigraphically above it. 

HOUSTON COUNTT. 

The deposits of Jackson age present con- 
siderable diversity in Houston County. The 
Tivola tongue of the Ocala limestone enters the 
county from the south, with a thickness esti- 
mated by Brantly * at 45 feet. Its outcrop 
forms a narrow belt across the south-central 
part of the county to Grovania, and the prin- 
cipal exposures are in the steep escarpments 
along the south side of Indian Creek and its 
tributaries. From Grovania the limestone 
outcrop swings northward along the Georgia 
Southern & Florida Railway to Bonaire and 
occupies an area more than 10 miles wide 
between the railway and Ocmulgee River. 

The Tivola tongue appears to be absent 
north of Perry, but it has probably been re- 
moved from that area by erosion, for outliers 
of the bed occur farther north at Rich Hill, 
Crawford Coimty. 

The Tivola tongue of the Ocala limestone is 
overlain by the Twiggs clay member of the 
Barnwell formation, which in this county 
consists principally of calcareous cream-col- 
ored clay resembling fuller's earth, forms the 
upper slopes of the Indian Creek escarpment 
and of other hills, and attains a thickness of 
about 100 feet. 

1 Brantly, J. £., op. cit., p. 82. 



North of Perry red sand extends above the 
Cretaceous-Eocene unconformity to a maxi- 
mum thickness of 50 feet. This bed probably 
corresponds in stratigraphic position with the 
yellow unconsolidated sands underlying the 
Tivola tongue of the Ocala limestone but may 
belong to the Midway formation. 

Sections at Ross Hill and Mossy Hill, near 
Perry, are discussed on pages 44-46. 

In the quarry of the Planters Limestone Co., 

near the crossing of the Georgia Southern & 

Florida Railway and the Perry-Fitzgerald 

i branch of the Dixie Highway, 2 miles south of 

' Tivola station, the following section is exposed: 

Section in Planters Limestone Co,^s quarry, 2 miles south of 

Tivola. 

I Eocene: 

Barnwell formation (Twiggs clay member): Feet 

2. Calcareous cream-colored clay resembling 
fuller's earth, grading downward into 
argillaceous marl. This material starts 
at the top of the hill southeast of the 
quarry and is exposed in bare washes on 
the slope . There are conspicuous harder 
and more calcareous ledges 20 and 22 
feet above the base of the member. The 
marl at the base contains numerous Bry- 
ozoa, with Ostrea trigonalis and Pecten 
perplanus, but the upper fuller's-earth 

beds are not fossiliferous 33 

Ocala limestone (Tivola tongue): 

1. Soft to medium-hard light cream-colored 
to white porous bryozoan limestone, ex- 
posed from the lowest point in the quar- 
ry to the top of the working face 39 
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In a gully along the railroad siding near the 
quarry and probably not more than 5 feet 
below the bottom of the pit, there is an expo- 
sure of 7 feet of medium-grained yellow sand. 
The top of the Cretaceous can not lie far below. 

The following fossils were obtained from bed 
1 of the section : 

Station 7689. Quarry 2 miles south of Tivola. Cooke and 
Shearer, collectors. 

Orthophragmina, stellately marked species. 

Lepidocyclina sp. 

Bryozoa (Rich liill fauna). 

Periarchus pileus-sinensis (Ravenel). 

Cypraea fenestralis Conrad? 

Me8alia?sp. 

Ostrea sp. 

Pecten perplanus Morton. 

Panope sp. 

Protocardia nicolleti (Conrad)? 
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CSAWIOKD COUNTY. 

The interesting occnirence of strata of Jack- 
son age at Rich Hill, 6 miles east of Roberta, 
has been well described by Veatch and Ste- 
phenson.* The variability of the strata, indi- 
cating deposition near the shore, is illustrated 
by the following additional sections described 
by Shearer: 

Section in a gully on the north tide of Rich Hill. 

Eocene: 

Barnwell formation: Feet. 

4. Dark-red aigillaceouB sand, with 

thin beds of plastic day near the 

base 30 

Twiggs clay member: 

3. Fuller'e-earth horizon. At the base 

the clay ia greenish, coarse grained, 
and foaBilifenm8; at the top, maa- 
aive, rather plastic, and stained 
by iron deposited from percolat- 
ing water 25 

2.^ Unconsolidated yellow sand, grad- 
ing upward into fossiliferous yel- 
low sandy clay, which here repre- 
sents the Tivola tongue of the 

Ocala limestone 10 

Unconformity. 

Lower Cretaceous: 

_ • 

1. Kaolinic sand with a lens of massive 

kaolin at the top 100+ 

165 
Section in a gully on the touth tide of Rich Hill. 

Eocene: 

Barnwell formation (upper part): Feet. 

8. Dark-red aigillaceous sand, with 
thin beds of plastic day near the 

base 40 

Twiggi day member: 

7. FuUer's-earth horizon. The day is 
lightgreenish yellow in color, very 
slightly calcareous at the top but 
becoming more so toward the 

base.. 10 

Ocala limestone (Tivola tongue): 

6. Hard massive aigillaceous lime- 
stone 3 

5. Soft massive argillaceous limestone, 

with few if any fossils 7 

4. Bryozoan limestone of varying hard- 

ness. This is the bed from which 
the fossils listed below were col- 
lected 10 

3. Sandy marl (gradational phase) } 

Barnwell formation (basal part): 

2. Unconsolidated light-yellow sand.. 25 
Unconformity. 

Lower Cretaceous: 

1. Kaolinic sand with lenses of massive 

kaolin 100+ 

195+ 

1 Op. oit., pp. 299-300. 
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The fossils from Rich Hill, Usted by T. W. 
Yaughan in the Coastal Plain report,' are as 
follows: 

Periarchus pileus-sinensis (Ravenel). 

Flejona sp. 

CJalyptraea aperta (Solander). 

Ostrea geoigiana Conrad. 

Pecten perplanus ICorton. 

Pecten (probably P. nupems Conrad), young and 

poor specimen. 
Venericardia sp. 

Lucina sp., found also 5) miles south of Perry. 
Panopesp. 

The calcareous beds of the preceding sec* 
tions are of undoubted Jackson age, and the 
Bryozoa of the Rich Hill f acies of the Jackson 
fauna, as identified by R. S. Bassler, form 
valuable horizon markers. 

The unconformity on the south side of the 
hill is 25 feet lower than that on the north 
side, showing an erosion depression in the 
Cretaceous surface, and in this depression the 
sand and limestone beds representing the 
Ocala are much thicker than oyer the old 
hilltops. The base of the deposits of Jackson 
age here is considerably higher than at any 
point in Houston or Twiggs counties, but the 
exact altitude is not known. The altitude of 
the top of the hiU is probably about 700 feet. 

OCALA LDCBSTONX. 
AREA NOBTU OF DOOLY COUNXr. 

The local details of the Ocala limestone in 
the area north of Dooly County have been 
given in the preceding discussion of the Bam- 
well formation and will not be repeated here. 
The type locaUty of the Tivola tongue of the 
Ocala limestone is described on page 76. 

DOOLY COUNTY. 

The Twiggs clay member of the Barnwell 
formation extends southward from Houston 
County into Dooly County but becomes increas- 
ingly calcareous and merges into the Ocala 
limestone. The Tivola tongue of the Ocala 
limestone is well developed in Dooly County 
and has been seen at a number of natural 
exposures. 

On the J. M. Carter property, H miles south- 
east of Lilly, 20 feet or more of soft white lime- 
stone composed largely of Bryozoa but con- 
taining also Pecten perplanus and Periarchus 

> OMfSia G«oL Surrey BalL 36, p. 800, 1911. 
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pUeu^sinensis is exposed. Brantly ^ reports 
20 feet of limestone overlain by 17 feet of 
calcareous fuller's earth on the L. Frieden prop- 
erty, 9 miles east of Montezuma. 

EXPOSURES ON AND NEAR FLINT RIVER. 

Strata of Jackson age first appear in the 
banks of Flint River about 3^ miles above the 
crossing of the Seaboard Air Line Railway west 
of Cordele. From this point exposures occur 
at short intervals to Fort Scott, about 11 miles 
above the confluence of FUnt and Chattahoo- 
chee rivers. As most of the exposures show 
little diversity, detailed discussion here wiU be 
restricted to those which have furnished the 
best collections of fossils or which are other- 
wise of interest. 

The lithologic variation in the Ocala Kme- 
stone, as displayed along Flint River, is slight.* 
In the upper reaches of the river the rock, 
which presmnably constitutes the lower portion 
of the formation, is prevailingly finer grained 
and less harsh in texture than that farther 
south, where tests of Foraminif era and Bryozoa 
compose a large proportion of the Umestone. 

Above Albany, — ^The following fossils were 
obtained from the Ocala limestone on Flint 
River 3 miles above the Seaboard Air Line 
Railway bridge : 

Station 7106. Flint River at mouth of Spring Creekf 
Sumter County. Brantly and Cooke, collectors, 1914. 
Orbitoid Foraminifera. 
FlabeUum waileei (Conrad)? 
Schizaster floridanus Clark? 
Turritella sp. 
Nucula 8p. 

Pecten perplanuB Morton. 
Crustacean. 

The Ocala Umestone exposed at this locality 
consists of about 14 feet of white or cream- 
colored limestone in thin beds, alternating in 
degree of hardness and containing a Uttle glau- 
conite. Analysis of the rock shows 85.8 per 
cent calcium carbonate.' 

A quarter of a mile below this point the fol- 
lowing fossils were obtained: 

Station 7107. West bank of Flint River a quarter of a 
mile below the mouth of Spring Creek. Brantly and 
Cooke, collectors. 

Orbitoid Foraminifera. 

Bryozoa. 

Periarchus, probably P. pileus-einenBiB (Ravenel). 

Mitra?8p. 

Pecten perplanus Morton. 

Amusium ocalanum (Dall). 



1 Brantly, J. E., op. di., p. 112. 
> Idem, p. 120. 



The last two speoies named were found also 
at the raiboad bridge below Spring Creek 
(station 7108). 

At a small quarry on the Averitt property, 
300 or 400 yards southwest of the comer of 
lots 7 and 26, half a mile east of Hugunen 
Ferry and 1 mile south of Daphne station, Crisp 
County (station 7237), the rock is a soft white 
limestone containing Orthophrdgmina JUntensis 
Cushman, numerous Bryozoa, and an unde- 
termined pecten, probably Amusium ocaianwn 
(Dall). An analysis of the limestone from this 
locaUty given by Brantly' shows 85 per cent 
calcium carbonate. Better exposures of this 
rock occur in a sink about 300 yards east of 
the quarry, where 23 feet of soft argillaceous 
white Umestone containing small specks of 
glauconite is overlain by 18 feet of reddish 
sandy loam. The course of an underground 
stream that flows through this sink can be 
traced northwestward by means of long, nar- 
row slot-shaped sinks which exfK>se it at inter- 
vals to Gum Creek. 

The following section, which was measured 
by J. E. Brantly and C. Wythe Cooke on the 
east bank of Flint River 1 mile above the mouth 
of Cedar Creek, Crisp County, is quoted with a 
few minor changes from Brantly's report on 
the limestones and marls of Georgia.^ 

Section of LimesUme Bluff on Armstrong place. 

Pleistocene: Ft. in. 

11. Sands and gravel 7 

Ocala limestone: 

10. Mostly concealed, but with several small 
exposures of soft white, finely granular 
limestone and hard, partly crystalline 
light-gray limestone. Bryozoa, Pecten, 
etc 8 

9. Hard, very light gray crystalline lime- 
stone 3 

8. Alternating 6 to 10 inch layers of soft and 
slightly harder white, finely granular 
limestone 1 6 

7. Hard, very light gray crystalline lime- 
stone 3 

6. AltematiD^ 6 to 10 inch layers of soft and 
slightly harder white, finely granular 
limestone 7 6 

5. Medium-hard white, partly crystalline 

limestone 4 

4. Soft white limestone 4 

3. Hard white limestone containing Brjro- 

zoa; forms a projecting ledge 4 

2. Soft light-gray limestone, with specks of 

glauconite and a few nodules of chert. . . 8 






> IdMn, p. 158. 
* Idem, p. 159. 
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Ocala limestone — Continued. 

1. Hard white, partly crystalline limestone, 
irregularly weathered, to water's edge 
at 2-foot stage. Contains (station 7110) 
Lunularia dUtans and other Bryozoa, 
Flabellum^ Nueula^ Glycymeriiy Peeterif 
Amusium ocalanum, and CrasioUUUei. . 2 6 

On the east bank of Flint River at the bend 
to the west 6 miles below Burke Feny and 
about 6 miles above the bridge of the Georgia 
Southwestern & Gulf Railway, near Warwick, 
Worth County (station 7115), the material 
exposed consists of white compact limestone 
rising 5 feet above water level and overlain by 
flint boulders, sand, and gravel. Orihophrag- 
mina fthUensis Cushman and OpercvUna sp. 
were collected here. 

The section at a bluff on the west bank of 
Flint River about 1} miles above the bridge, 
of the Georgia Southwestern & Gulf Railway is 
as follows: 

Section in bluff on west hank of Flint River. 

F«0t. 

3. Covered slope to top of hill 22 

Ocala limestone: 

2. Hard ledges of compact white semicrystalline 
limestone (station 7117) 3 

1. Compact white limestone, mostly soft but 
with harder places. Contains (station 7116) 
Orihophragmina flintensis and Laganum? 
iantstulaides (hioTton)? To water level at 
4-foot stage 20 

From bed 2 (station 7117) were collected the 
following: 

Fotaminifera: 

Orthophiagmina flintensis Cuahman. 
Bryozoa: 

Several species. 
Echinodermata : 

Laganum? crustulmdes (Morton)? 
IfoUusca: 

Ostreaq>. 

Pecten perplanus Morton. 

Pecten suwanednsis Dall. 

On the east bank of Flint River in Worth 
County near the Dougherty County line, about 
16 miles isibove Albany (station 7119), the 
rock consists of 5 feet of limestone, the upper 
part white, lower part gray, overlain by flint 
fragments. It contains Orihophragmina flintr- 
ensis Cushman, Opercviina sp., and Pecten 
suioaneenaia Ball. On the east bank of Flint 
River in Dou^erty County, about 8 miles 
above Albany, i^t the mouth of a dmall creek 
(station 7235), the following fossils were ob- 
tained from soft white Umestone, 8 feet in 



exposed thickness, containing concretionary 
masses of hard limestone: 

Bryozoa. 

Laganum? crustuloides (Morton). 

Schizaster floridanus Clark? 

Macropneustee mortoni (Conrad)? 

Ostrea sp. 

Pec*ten perplanus Morton. 

Pecten suwaneSnsis Dall. 

Vicinity of Albany. — The following section 
was observed in the bank of Kinchafoonee 
Creek at the power plant 2 miles north of 
Albany: 

Section on Kinchafoonee Creek, i miles north of Albany. 

Feet. 

4. River sands 15 

Ocala limestone: 

3. Hard pink or yellow limestone with Cidaris 
georgiana and Amusium ocalanum 2} 

2. Hard pinldah limestone with Bryoeoa, echi- 
noids, and Amusium ocalanum 2^ 

1. White, cream-colored, or yellow giianular lime- 
stone with Amusium ocalanum and casts of 
corals. To water level in Kinchafoonee 
Creek 5 

Above bed 3 there is reported to be 5 feet 
of limestone which was inaccessible at the 
time this section was measured. Other sec- 
tions at this locality that do not differ mate- 
rially from this have been recorded by Veatch 
and Stephenson * and by Brantly.* 

The fossils in the following list were collected 
from loose blocks on the dimip heap below the 
dam at the power plant: 

Station 7121. Excavation below dam at power plant on 
Kinchafoonee Creek 2 miles north of Albany, Ga. 
Cooke and Brantly, collectors, 1914. 
Foraminifera: 

Operculina sp. ' 
Echinodermata: 

Cidaris georgiana Twitchell. 

Caasidulus (Rhynchopygus) depressus 

Twitchell? 
Caasidulus (Pygorhynchus) conradi (Con- 
rad). 
Eupatagus carolinensis Clark? 

Linthia wilmingtonensiB Clark? 
> Macropneustes mortoni (Conrad). 
Mollnsca: 

Eucymba ocalana Dail. 

Cypraea fenestnUis Conrad. 

Ostrea sp. 

Gryphaeostrea sp. 

Pecten perplanus Morton, varieties. 

Amusium ocalanum Dall. 

Mya? sp. 

1 Veatoh, Otto, and Stephenaou, L. W., op. cit., p. 316. 
s Bnntly, J. £., op. dt., p. 135. 
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Between Albany and Red Bluff. — ^The follow- 
ing fossils were found in white, gray, or cream- 
colored liiiiestone extending about 2 feet above 
water level. 

Station 7125. Wert bank of Flint River in Baker County 
about 3 miles below Dewberry Ferry (Baconton Land- 
ing) and about 13 miles above Newton. Brantly and 
Cooke, collectors, 1914. 

Flabellum sp. 

Cypraea feneetialis Conrad. 

Cerithium sp. 

Turritella sp. 

Calyptraea sp. 

Glycymeris sp. 

Pecton perplanus Morton. 

Pecten indecisus Dall. 

Amusium ocalanum (Dall)? 

Spondylus sp. 

Plicatula, Ocala sp. 

Venericardia sp. 

The following species were collected from 
lumps of hard limestone excavated from the 
channel: 

SUtion 7126. East batnk of Flint River at Dry Bread 
Shoals, Mitchell County, 8} or 9 miles below Newton. 
Foraminifera: 

Orthophragmina mariannensis var. papiUtfta 
Cushman. 

Orthophragmina geoi^iana Cushman. 
Anthocoa: 

TrochoseriB n. sp. 
Echinodermata: 

Cidaris geoigiana Twitchell. 

Laganum? cnistuloides (Morton)? 

Oligopygus haldermani (Conrad). 
Mollusca: 

Mitraro. 

Chama sp. 

Limopsis sp. 

Barbatia sp. 

Ostrea trigonalis Conrad. 

Amuaium ocalanum (Dall). 

Pecten perplanus Morton. 

Spondylus sp. 

Plicatula, Ocala sp. 

Mya?sp. 

Venericardia vicksbuigiana Dall. 

Venericardia sp. 

Crassatellites sp. 
Station 7127. Loose blocks excavated from the channel of 
Flint River, a quarter of a mile below Norman's Ferry, 
Mitchell County, midway between Newton and Bain- 
bridge. Cooke and Brantly, coUectors, 1914. 
Lepidocyclina sp. and other Foraminifera. 
Lunularia sp. and other Bryozoa. 
Cidaris geoigiana Twitchell. 
Oligopygus haldermani (Conrad). 
Laganum sp. 
Cypraea sp. 



Station 7127 — Continued. 
Xenophora sp. 
Glycymezis sp. 
Barbatia sp. 

Amusium ocalanum (Dall) var. 
Spondylus sp. 
Lima halensis Dall. 
Plicatula, Ocala sp. 
Chama sp. 
Crassatellites sp. 
Venericardia sp. 
Mya?sp. 

On the east bank of Flint River in Decatur 
County, 1 mile below Windell's Landing and 
about 15 miles above Bainbridge (station 7129), 
OrOu>phragmina mariannensis var. papiTUUa 
Cushman and an undetermined species of 
Pecten were found in 6 feet of irregularly 
weathered pinkish limestone. 
. Vicinity of Bainbridge* — ^The Ocala lime- 
stone is the oldest formation in the vicinity of 
Bainbridge, and all its exposures appear to 
represent a single horizon. It is a soft, coarsely 
granular limestone varying in color from white 
to yellow and composed largely of tests of 
Foraminifera and Bryozoa, which on exposed 
surfaces have become firmly cemented or 
''case-hardened" into a brittle, semicrystalline 
limestone, but which when freshly exposed are 
only slightly coherent. The rock appears to 
Ue v^ry nearly horizontal, but the upper sur- 
face is exceedingly irregular and jagged, with 
pinnacles extending in places to 20 feet 
above water level. The irregularity is due in 
part to erosion prior to the deposition 
of the overlying materials and in part to 
subsequent solution. The Ocala is overlain 
imconformably by a complex series of red and 
variegated sands and carbonaceous clays con- 
taining chert fragments with impressions and 
siliceous pseudomorphs of moUusks and corals 
of lower Oligocene age. The Ocala itself ap- 
pears to have been subjected to the silicifying 
agencies to a lesser extent, for chert fragments 
carrying Ocala fossils are only occasionally 
found. The accidental inclusion of some of 
these in the collections of the coralliferous 
chert has unfortimately been interpreted as a 
mingling of the Ocala and Chattahoochee 
faxmas.^ 

The following species have been identified 
from localities near Bainbridge: 

1 Dall,' W. H., A oontrlbutloii to tta6 InTertebrato ftuina of the OllgDOen* 
b«di of FUnt Riv«r, Oa.: U. 8. Nat. Mia. Proc, vol. 51, p. 488, iQltt. 
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Station 7099. East bank o! Flint River half a mile above 
Red Blu£f. €. Wythe Cooke, collector. 
Foraminifera: 

Orthophragmina geoigiana Gushman. 
Bryozoa: 

Many species. 
Echinodermata : 

OligopyguB haldermani (Conrad). 
Agassizia conradi (Bouv6)? 
Stations 3387, 6159, 7098. Red Blu£f, Flint River, 7 miles 
above Bainbridge. Yaughan, Stephenson, and Cooke, 
collectors. 

FoKaminifera: 

Orthophragmina americana Cushman . 
Orthophragmina mariannenaJB Cushman. 
Orthophragmina geoigiana Cushman. 
Orthophragmina vaughani Cushman. 
Bryozoa: 

Many species. 
Echinodermata: 

Oligopygus haldermani (Conrad). 
Laganum? crustuloides (Morton)? 
CasBiduliis (Pygorhynchus) georgiensis Twit^ 

chell. 
Agassizia conradi (Bouv^). 
Mollusca: 

Pecten perplanus Morton. 
Pecten indecisus Dall. 
Pecten suwane^nsis Dall. 
Amusium ocalanum (Dall). 
Station 7097. Bluff on east side of Flint River near old 
factory three-quarters of a mile north of the Atlantic 
Coast Line Railway station at Bainbridge. Vaughan, 
Cooke, and Mansfield, collectors. 
Foraminifera: 

Orthophragmina georgiana Cushman. 
Lepidocyclina op. and many others. 



Station 7097 — Continued. 
Bryozoa: 

About 34 species, most of them new. 
Echinodermata: 

Cidaris georgiana Twitchell. 

Cassidulus (Pygorhynchus) conradi (Conrad). 

Oligopygus haldermani (Conrad). 

Agassizia conradi (Bouvd). 

Eupatagus carolinensis Clark? 
Mollusca: 

Ostrea, 2 sp. 

Pecten perplanus Morton. 

Amusium ocalanum (Dall). 

Plicatula, Ocala sp. 

Cardium sp. 
Stations 3293, 6171. Bainbridge. A. H. Brooks and L. W. 
Stephenson, collectors. 

Lepidocyclina sp. and other Foraminifera. 

Bryozoa, many species. 

Cidaris georgiana Twitchell. 

Cassidulus (Pygorhynchus) georgiensis Twitchell. 

Oligopygus haldermani (Conrad). 

Ostrea trigonalis Conrad. 

Pecten perplanus Morton. 

Amusium ocalanum (Dall). 

EXPOSURES WEST OP FLINT RIVER. 

For local details of the Ocala limestone west 
of Flint River, the reader is referred to the 
county descriptions in Brantly's report on the 
limestones and marls of the Coastal Plain of 
Georgia.* 

> Brantly, J. E., Georgia Geol. Survey DaU. 21, 191ft. 



THE STRUCTURE AND STRATIGRAPHY OF GRAVINA AND REVILLAGIGEDO 

ISLANDS, ALASKA. 



By Thbodoke Chapin. 



INTRODUCTION. 
SCOFB 07 PAPEB. 

This paper is intended to supplement a 
report by Philip S. Smith^ on the same region. 
The finding on Gravina Island of 
Triassic fossils, which previously 
had been reported from but one 
other locality in southeastern 
Alaska, made his paper of par- 
ticular interest. Since the pub- 
lication of Smith's report the 
writer has had the opportunity to 
make further studies and to gather 
additional data on the structure 
and stratigraphy of the rocks of 
Gravina Island and adjacent re- 
gions. The discovery of fossils of 
Jurassic or Cretaceous age has 
made possible some changes in the 
geologic mapping and furnished 
the basis for the interpretations 
which are here presented, not as 
final conclusionsbut as areasonable 
working hypothesis for future field 
work. The structure and stratig- 
raphy of the rocks of Gravina 
Island are more clearly imderstood 
by a consideration of their relation 
to a larger area including a part 
of Revillagigedo Island (fig. 10). 

This paper is a preliminary re- 



LOGATION. 



The area under discussion is included within 
the Ketchikan district, which lies in the south- 
em part of southeastern Alaska, the panhandle 
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port on an area in the southern Fi3xru 10.~lCap of ioutbeastern AIHsIa showliig position of Oravina and BevUlagigwlo 

part of the Ketchikan district. islands. 

A more complete report on the whole district, strip of Alaska extending along the seaboard 
includiiig a description of the mineral resources, from Mount Fairweather to Dixon Entrance, 
is now in preparation. The accompanying Southeastern Alaska is composed of a mainland 
geologic sketch map (fig. 11) is drawn from the area and a fringe of islands known as Alexan- 
field notes of P. S. Smith and the writer. der Archipelago. The Ketchikan district lies 

wholly within the Pacific Mountain system, a 
geographic province which, as defined by 
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1 Notes on tbe geology of Oravina Island, Alaska: U. 8. OeoL Sorvay 
Ftof . Paper 96, pp. 07-106, 1916. 
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Brooks/ includes a broad zone of ranges form- 
ing a concave belt parallel to the southern 
coast of Alaska. 

SUBFACE FEATUBXS. 
PHYSIOGRAPHIC PROVINCBS. 

Physiographically the Ketchikan district 
falls naturally into three main provinces. One 
comprises essentially the mainland area and 



The dominating feature of the mainland 
province is the Coast Range, a high mountain 
mass with elevations of 7,000 to 8,000 feet. 
Brooks ' describes it as follows: 

The Coast Range extends from near the boundary of 
Washington northward through British Columbia into 
southeastern Alaska, where it lies partly in Alajska and 
partly in Canadian territory. Following the coast line 
for nearly 900 miles it passes inland behind the St. Eliaa 
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adjacent islands. It includes the Coast Range 
and may be denominated the Coast Range or 
mainland province. The eastern or Prince of 
Wales Province comprises Prince of Wales Is- 
land and the islands to the west. Between 
these two mountainous areas lies an inter- 
montane lowland province including Clarence 
Strait, ReviUagigedo Channel, and Behm Canal 
and low-lying areas along their shores. 

*■ Brooks, a: H. , Preliminary report on the Ketchikan mining district, 
Alaska: U. S. OeoL Snrvey Prof. Paper 1, p. 14, 1902. 



Range near the head of Lynn Canal. Thence it can be 
traced northward, decreaeing in altitude and gndually 
losing definition until it finally mezges with the interior 
plateau near Lake Kluane, in longitude 130^ 3(K. This 
range has no well-defined crest line but is rather a com- 
plex of irregular mountain maaaes occupying a coastal 
strip between the Pacific Ocean and the Central Plateau 
region. 

The Prince of Wales physiographic province 
is dominated by a complex group of shorty 

> Brooks, A. H., The geography and geology of Alaska: U. S. OaoL 
Survey Prof. Paper 45, p. 38, 1900. 
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rugged ranges reftching elevations of about 
4,000 feet. In the northern part of the Alex- 
ander Archipelago these are not sharply dif- 
ferentiated from the Coast Range and were 
regarded by Brooks as a southeastern extension 
of the St. Elias Range.^ In the Ketchikan 
district, however, as has been pointed out, the 
Prince of Wales mountainous region is quite 
distinct from the Coast Range, from which it is 
separated by the lowland province. It is cor- 
related with the Vancouver Range, named by 
Dawson ' and consisting of '' an irr^ular moun- 
tain system which in its submei*ged parts 
constitutes Vancouver Island and the Queen 
Charlotte Islands." 

The lowland province as here defined com- 
prises the submarine area covered by the waters 
of Clarence Strait, Revillagigedo Channel, and 
Nichols Passage, and the bordering lowlands. 
This lowland is evidently a submerged portion 
of the Pacific coast downf old,* a series of basins 
forming a more or less continuous depression 
extending from the Gulf of California to 
British Columbia and Alaska. This lowland 
province would thus be correlated with Puget 
Sound and with the lowlands covered by the 
soimd separating Queen Charlotte and Van- 
couver islands in British Columbia from the 
mainland. The area under discussion lies 
within and along the border of this lowland 
province, an area covered largely by Mesozoic 
sediments which apparently occupy an over- 
turned synclinal fold. 

GRAVINA ISLAND. 

Gravina Island lies between Clarence Strait 
and Revillagigedo Channel and is separated 
from Revillagigedo Island by Tongass Narrows, 
a narrow, shallow channel a quarter of a mile 
to 2 miles wide and in places less than 100 feet 
deep. The island is roughly triangular. It 
has rather straight shore lines on two coasts, 
but the southeast coast is very irregular in 
shape, being broken by two deep bays, Blank 
and Bostwick inlets, and by minor indenta- 
tions. The longest dimension of the island is | 
21 miles, and its maximum width is 9 miles. 
It has an area of about 100 square miles. 

& Brooks, A. H., The geography and geology of Alaska: U. 8. Oeol 
Survey Prof. Paper 45, p. 29, 1906. 
s DswtoA, O* U., Boy. Boo. Caziada Proc. and Trans., vol. 8, see. 4, 

• Willis, Bailey, U. S. Oeol. Survey Geol. Atlas, Tacoma folio (No. 54), 

p.i,]Ma 



Gravina Island lies along tiie border line 
between the Coast Range and lowland prov- 
inces. Two low ranges of hills, the California 
Range and Dall Ridge, extend across the entire 
island from northwest to southeast. Dall 
Ridge reaches a maximum elevation of about 
2,000 feet, and California Range of over 2,600 
feet. Between these two ranges of hilb, ex- 
tending from Vallenar Bay to Bostwick Inlet, 
is a low depression only a few feet above sea 
level. Another depression extends from Blank 
Inlet to a point opposite Ward Cove. It lies 
between California Range and a low range that 
borders Tongass Narrows from Gtavina Point 
northward for about 4 miles. 

A striking parallelism exists between the 
ranges of hiDs, the intervening valleys, and the 
large bays — ^Vallenar, Bostwick, and Blank 
inlets. All have a dominant northwesterly 
direction, approximately parallel to the struc- 
ture of the bedrock, which has evidently been 
the controlling factor in the topographic 
development. 

REVILLAGIGEDO ISLAND. 

Revillagigedo Island, with the exception of a 
fringe of lowland along Tongass Narrows, be- 
longs to the mainland province. It is a large 
island of 1,120 square miles separated from the 
mainland by Behm Canal, a semicircular fiord 
that borders the northern part of the island. 
The interior of the island is high and rugged, 
its peaks reaching elevations of 4,000 feet. 
Three long fiords — Thome Arm, CarroU Inlet, 
and George Inlet — break the southern coast 
into irregular-shaped peninsulas. 

SUMMARY OF FORMATIONS AND STRUCTURE. 

The rocks of Gravina Island and that por- 
tion of Revillagigedo Island included in this 
discussion are essentially Mesozoic formations 
that rest unconformably upon Carboniferous 
and Devonian rocks (fig. II). The Mesozoic 
formations include three distinct terranes, all 
of which are fossiliferous. The lower and 
upper terranes, which are dominantly sedi- 
mentary, are respectively Triassic and either 
Upper Jurassic or Lower Cretaceous. The 
terrane of intermediate stratigraphic position, 
composed of volcanic rocks and intercalated 
sediments, contains fossils of Upper Jurassic or 
Lower Cretaceous age but may include also 
Triassic rocks. Tertiary lava flows occm* on 
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the southern part of Grayina Island but are not 
widely distributed. The most recent forma- 
tions are marine glacial deposits that lie above 
the present high tide. 

The intrusive rocks of the Ketchikan region 
comprise for the most part the dioritic and 
granitic rocks of the Coast Range. They are 
not, however, oonjGned to the Coast Range but 
occur in large bodies on the islands. The age 
of these intrusives is regarded as late Jurassic 
and Cretaceous. 

The following table shows the correlation of 
the Mesozoic formations of Gravina Island with 
those of Graham and Vancouver islands as 
described by Canadian geologists: 



Island Triassic conglomerate, limestone, and 
black slate are overlain by volcanic rocks and 
intercalated sediments of Triassic or Jurassic 
age, which, in turn, are overlain by the slate 
and graywacke of Blank Inlet, determined to 
be Jurassic or Cretaceous. Succeeding the 
Jurassic or Cretaceous sediments are volcanic 
rocks, with black slates and tuffs. Here the 
section is interrupted by a boss of granite, 
beyond which are black slates and phyllites, 
limestone, and schistose conglomerate. Be- 
yond the conglomerate occur crystalline schists 
and massive scmicrystaUine limestone-bearing 
fossils regarded as certainly Paleozoic and 
probably Carboniferous. This anomalous jxjsi- 



CorrelcUion table of Mesozaic formations of Gravina j Graham ^ and Vancouver islands. 



Age. 


Gravina Island. 


Graham Island .<i 


Vancouver Island.^ 


Formation. 


liithologic character. 


Formation. 


Lithologic character. 


Upper Creta- 
ceous. 




Queen Char- 
lotte series. 


Fomiliferous shales 
and conglomerates, 
with coal. 


Nanaimo se- 
ries. 


Conglomerates, sand- 
stones, and shaleA, 
with coal. 


Lower Creta- 
ceous. 


Conglomerate, sand- 
stone, and gray- 
wacke. 












Batholithic 
intnisives, 
etc. 


Quartz diorite, etc. 


Batholithic 
and dike in- 
trusives. 


^^ ^ * * M 


Upper Juras- 
sic. 


Quartz diorite, etc. 


Granodiontes, quarts 
dioiites, etc. 




Volcanic flows and 
tuffs with interca- 
lated sediments. 
Volcanic breccias. 

Conglomerate, lime- 
stone, sandstone, 
and slate. 




Middle Juias- 
sic. 


Yakoun for- 
mation. 


Agglomerates, tuffs, 
and flows. 


Sicker series 
(Jurassic or 
TriasBic). 


Andeeitic flows and 
tuffs ; 8chist08e,alaty , 
tuffaceous, and 
quartzose sediments. 


Lower Juraa- 
sic. 


Maude for- 
mation. 


Dark-colored, fi n e- 
grained. thinly 
Jaminatea fossilif- 
erous argillites, 
grading upward into 
tuffs and agglomer- 
ates. Possibly 
detrital conglomer- 
ates at base. 


Sutton forma- 
tion, Van- 
couver vol- 
canics. 


Crystalline lime- 
stones, metamorphic 
andeaites, andpyro- 
clafltic rocks. 


Upper Tnassic. 



a Mackezuie, J. P., Cfuiada 0«oI. Surrey Mem. 88, 1916. 

Across the area including Oravina Island 
and the southern part of Revillagigedo Island 
the beds present a dominant northwest strike 
and, except locally, dip northeast, giving the 
appearance of simple monoclinal structure 
over a wide area. (See fig. 12.) These beds, 
however, are believed to represent overturned 
and truncated isoclinal folds and thus give the 
impression of a much greater thickness of sedi- 
ments than really exists. The evidence for 
this conclusion Hes in the following observed 
facts. On the southwest coast of Gravina 



b Clapp, C. H., Canada Oeol. Survey Mem. 13, 1912. 

tion of the Paleozoic and Mesozoic, rocks is 
probably due to an overturned position of one 
limb of the syncline. 

From the slate and graywacke area of Blank 
Inlet the general sequence of rocks is the same 
toward the northeast as it is toward the south- 
west, and it is believed that the similar rocks 
are in fact the same beds exposed on two limbs 
of an overturned fold, the trough of which is 
exposed on Blank Inlet. The volcanic rocks 
on each side of the Blank Inlet area of slate and 
graywacke are similar and may be correlated, 
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88 there is little reason to doubt their identity. 
The slates and phyllites of * Revillagigedo 
Island are much more schistose than the black 
slates and sandstones of Oravina Island, with 
which they are correlated, but this is evidently 
due to the contact metamorphism caused by 
the adjoining intrusive granite. The other 
sediments of Revillagigedo Island are also more 
metamorphosed than their supposed equiva- 
lents on Gravina Island. The hmestone is 
crystalline and the conglomerate is schistose, 
but these differences in metamorphism are also 
easily accounted for, not alone by the small 
body of granite shown in the sketch but also 
by the immense bathoUth of the Coast Range. 
Along this eastern limb of the syncline is 
a greatly disturbed belt which apparently 
continues the entire length of southeastern 
Alaska along the border of the intrusives of the 
Coast Range. In this disturbed belt the fold- 



bedded with thin limestones, calcareous shales, 
aigiUites, and sandstones containing Devonian 
fossils. 

STBUCTUHE AXD STBATIORAFHY. 

The structure and stratigraphic relations of 
the Devonian beds are not clear. The beds 
are closely folded and deformed, and the rela- 
tions are obscured by movement along the con- 
tacts. From South VaUenar Point eastward 
the beds trend dominantly northwest and dip 
northeast at varying angles. From the present 
position of the beds the base of the formation 
appears to be the conglomerate, which appar- 
ently rests U]>on the Mesozoic volcanic beds of 
the west coast of the island. This anomalous 
condition indicates an overturned position of 
the beds. 

On the west coast of VaUenar Bay, about a 
mile east of South VaUenar Point, is the crest 
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FiouBZ 12.— structure section across Oravtna and ReviUaglgedo Islands, Alaska. 



ing is much more dose, and the beds are more 
tightly compressed and, if correctly interpreted, 
are in part overturned. The structural form is 
not a simple syndine and might more correctly 
be termed a sy^clinorium, for one prominent 
anticline and a number of minor folds occur, 
the details of which are brought out more fully 
in the discussion of the different formations. 

DEVONIAN ROCKS. 

VALLBKAX FOBMATION. 

DISTRIBT^nON AND CHARACTER. 

The oldest rocks recognized by the writer 
are the Devonian beds ex]>osed on the west 
coast of VaUenar Bay, on Gravina Island. 
They consist of conglomerate, limestone, calca- 
reous shales, sandstone, and argillites. The 
conglomerate is composed of cobbles of schist, 
quartz, and limestone embedded in a schistose 
matrix. The conglomerate is in part inter- 



of a very sharply folded anticline (PI. VIII, D) 
which has involved the calcareous shales and 
argillites. It is beUeved that these are the 
lowest of the Devonian beds and that the lime- 
stones and conglomerates to the west are 
stratigraphically higher in the section and 
occupy the overturned limb of a steeply pitch- 
ing antichne that is overturned toward the 
west. It may be that the schistose conglom- 
erate containing an abimdance of limestone 
cobbles is a member of the Mesozoic greenstone 
and intercalated sedimentary beds. The con- 
tact with the Mesozoic beds at the head of 
VaUenar Bay is covered by gravels. This 
anticline along which the Devonian beds are 
brought to the surface on VaUenar Bay is pre- 
sumably the same fold that extends along DaU 
Ridge to Seal Cove and forms a minor fold in 
the broad syncdinorium involving all the rocks 
between the west coast of Qravina Island and 
George Arm. 
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AGE AND COBBELATTON. 

The Devonian rocks of Vallenar Bay were 
first described as the Vallenar ''series'' by 
Brooks,* who states: 

The Vallenar series [is] so named from its type exposures 
on Vallenar Bay, at the northern end of Gravina Island. 
The series is composed essentially of limestones and cal- 
careous schists with some black slates. 

Fossils were collected at this locality by 
Brooks in 1901 and determined by Charles 
Schuchert as Devonian. More collections were 
made in 1905 and 1906 by the Wrights and 
E. M. Kindle ^ who report: 

One mile west of Vallenar Bay, Gravina Island. — The ma- 
terial from this locality, while generally insufficient for 
spedfLc determination, is much better than that obtained 
last year (1905) and leaves no doubt as to the Devonian age 
of the beds west of Vallenar Bay. Several specimens of 
Atrypa reticularis are present. This fixes the horizon as 
not later than Carboniferous, while the association of Cho- 
netes cf. manitoberuisy Spirifer sp., Proetus sp., and Cyclo- 
newja sp. indicate a horizon of Devonian age, probably mid- 
dle Devonian. 

Some pooriy preserved material collected by 
the writer in 1915 was determined by T. W. 
Stanton as probably Devonian. 

The beds of Vallenar Bay were correlated by 
Brooks with rocks on Long Island.' Middle 
Devonian rocks of similar character occur on 
Clover Bay, on the east coast, and Himter Bay 
and Klakas Inlet, on the west coast of Prince of 
Wales Island and on Hotspur Island. 

CARBONIFEROUS ROCKS. 
BEDS INCLUDED. 

The term ''Ketchikan series'' was applied by 
Brooks ^ to argillaceous and carbonaceous rocks 
with some limestone beds and finely foliated 
slates and phyllites that occur on Tongass Nar* 
rows, near Ketchikan, on Revillagigedo Island, 
and on Cleveland Peninsula. Brooks consid- 
ered these rocks to be in part Carboniferous and 
in part Mesozoic and suggested that probably 
the limestones are Carboniferous and the slates 
are Triassic. 

The Wrights » state: 

In view of the comparatively weak paleontologic and 
stratigraphic evidence bearing on the precise age of these 
argillites and crystalline schists, it is possible that their 

^ Brooks, A. H., Pralimiiiary report on the Ketchikan mining district, 
Alaska: U. S. Oeol. Survey Prof. Paper 1, p. 42, 1902. 

* Wright, P. E., and C. W., The Ketchikan and Wrangell mining dis- 
tricts, Alaska: U. S. GeoL Sarvej/Boll. 847, p. fiO, 1908. 

* Brooks, A. H., op. dt., p. 48. 

* Brooks, A. H., Preliminary report on the Ketchikan mining district, 
Alaska: U. 8. Oeol. Survey Prof. Paper 1, p. 44, 1003. 

» Wright, F. E. and C. W., op. dt., p. 50. 



period of depodtioii extended even beyond the CArbonif- 
erouB peri.o4 into the Tiiaasic, eiq>ecially when the exten- 
sive development of Triascdc strata to the south in British 
Columbia, as described by G. M. Dawson, is taken into 
consideration. The evidence thus far gathered, however, 
indicates Carboniferous age for the greater portion of these 
crystalline schists and aigillites. 

Brooks noted that the limestones overlie the 
ai^lites (slate and greenstone) and thus appear 
to be younger. This confusion was due to tiieir 
overturned position, the older beds actually 
overlying the younger ones. 

The assignment of the rocks mapped by 
Brooks as the '' Ketchikan series" to both 
Carboniferous and Triassic is in harmony with 
the writer's interpretations. The part of 
Brooks's "Ketchikan series" that stratigraph- 
icaUy imderlies the conglomerate and massive 
limestone which in this report are correlated 
with the Upper Triassic rocks of Gravina 
Island is here regarded as Carboniferous. 

DISTRIBUTION AND CHARACTER. 

The rocks herein assigned to the Carbon- 
iferous are essentially crystalline schists and 
limestone. In areal distribution they occupy 
a broad belt along the border of the Coast 
Range, extending from the mouth of Portland 
Canal northwestward for an tmknown distance. 
In the area imder discussion they are restricted 
to a small area on Revillagigedo Island near 
the head of George Aim. The schists make up 
the greater part of the series. They are evi- 
dently the result of contact metamorphism 
induced by the intrusive rocks. An adequate 
description of them would require a detailed 
petrographic study of the rocks in the field 
and an intensive microscopic study, neither of 
which has been made by the writer. The lime- 
stone constitutes a relatively small part of the 
series. It occurs in beds 100 feet in maximxmi 
thickness intercalated with the crystalline 
schists. It is dominantly white and crystalline. 

STRtrCTURE AND STRATIGRAPHIO RELATIONS. 

The Carboniferous rocks are closely folded 
and contorted. They occupy a greatly disturbed 
belt along the western border of the Coast 
Range and form the overturned limb of a 
synclinorium in which are involved all the 
formations east of Clarence Strait. The other 
limb of the syncline comes to the surface on 
the western coast of Gravina Island. 

The base of the Carboniferous schists and 
limestones is not exposed. They apparently 
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overlie conglomerate and limestone beds whose 
age is miknown but which are regarded as 
Upper Triassic. The strata at this locality, 
however, are believed to be overturned so that 
the normal sequence of the beds is reversed. 
(See fig. 12.) 

AGE AND COBKELATIOK. 

Fossils were collected from the limestone 
near Coon Island at the head of (}eorge Arm 
by Mr. Brooks, who states that the many 
crinoid stems suggest that at least the lime- 
stones belong to the upper Paleozoic. C. W. 
Wright abo collected fossils from Geoi^e Arm, 
on which E. M. Kindle reports as follows: * 

No. 966. Point on ioutheast side of George Inlet 10 m%le» 
from its head, Revillagigedo Island. — ^The foasilB from this 
point compriae only crinoid stems, which, however, are so 
abundant as to mi^e np a large portion of the rock. Cri- 
noid stems can not ordinarily be used for comlation. 
However, their great abundance here seems to justify a 
surmise that they very probably represent a Carboniferous 
horizon. Crinoids in such abundance as is shown by these 
specimens occur in very few places, if anywhere, outside 
of Carbonifercms horizons. In the absence of other evi- 
dence the horizon represented may be referred tentatively 
to the Carboniferous. 

Other collections made by P. S. Smith in 
1913 contained nothing of determinative value 
but were considered as probably Paleozoic. 
No collections were made by the writer, but 
the crinoid-bearing beds were observed at a 
number of places. 

There is little doubt of the Carboniferous age 
of at least one of the f ossiliferous beds in this 
series of schists and limestones, but their exact 
age and stratigraphic position are much in 
doubt. Lithclogically; except in amount of 
metamorphism, they resemble the slate and 
limestone of the Porcupine district. The 
slates and limestone beds of the Porcupine dis- 
trict are not fossiUferous, but from closely 
associated massive limestone beds fossils were 
collected which G. H. Girty first doubtfully 
referred to the lower Carboniferous but later 
determined as upper Carboniferous. Regard- 
ing a similar fauna from Admiralty Island, 
Girty 'says: 

The fauna from point at southeast entrance to Pybus 
Bay, Admiralty Island, which also seems to occur at point 
on divide between Chapin Bay and Herring Bay, Admi- 
ralty Island, is without doubt upper Carboniferous in age 
and probably can be designated Permo-Carboniferous. 

» Wrlgbt, F. E. and C. W., op. dt., p. M. 
* XT. S. Gtool. Survey Btill. 287, p. 143, 1906. 



This fauna is known to be at but one other point in Alaska 
— ^Porcupine mining district — ^where some of the same 
species were obtained last year. This fauna also is en- 
tirely diaajmilar from those of the Mississippi Valley and 
Appalachian region and finds nearer affinities in those of 
western United States and of eastern Europe (Russia). 

These schists and limestones are therefore 
tentatively regarded as late Carboniferous. 
Their relation to the Deronian beds of Vallenar 
Bay is not evident, as the two are nowhere 
known to be in contact. If these schists and 
limestones are correctly correlated with the 
late Carboniferous it would appear that there is 
lacking in this region a very thick section of 
Carboniferous rocks which are widely developed 
on the west coast of Prince of Wales Island. 
These include Mississippian limestone and 
cherts, which are probably the equivalent of 
the Lisbume limestone, and Pennsylvanian 
Umestones that include Moecovian and Gsche- 
Uan faunas. 

TRIASSIC ROCKS. 

BEDS IN'CLUDED. 

The term ''Qravina series" was first applied 
by Brooks ' to massive conglomerate overlain 
by black slates or shales occurring on the south 
end of Gravina Island. He included in his 
mapping of this ''series'' the somewhat similar 
massive conglomerates and associated black 
slates and arenaceous sediments of the west 
coast, Bostwick Inlet, and Blank Inlet and 
suggested its probable extension to other 
places. As a result of recent investigations, 
however, the sedimentary rocks of Gravina 
Island originally defined as the ''Gravina 
series" are now known to include two sedi- 
mentary formations — one of Triassic age and 
one of Jurassic or Cretaceous age. These two 
sedimentary formations are associated with 
volcanic rocks of intermediate stratigraphic 
position. Brooks first regarded the "Gravina 
series" as Cretaceous and correlated it with 
the Queen Charlotte series of Vancouver and 
Queen Charlotte islands, but later he stated 
that its identity with the "Vancouver series" 
(Triassic) seemed equally probable.* His cor- 
relations with both Triassic and Cretaceous 
formations, made without any fossils, proved 
substantially correct. 

* Brocks, A. H., Preliminary report on the Ketchikan mining district, 
Alaska: U. B. OeoL Survey Prol. Paper 1, p. 46, 1902. 

* Brooks, A. H., The geography and geology of Alaska: U. S. GeoL 
Survey Prof. Paper 45, p. 226, 1906 
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DISTRIBUTION AND CHARACTER. 

The Upper Triassic rocks on Gravina Island 
comprise a gradationally conformable series 
of conglomerates, limestones, sandstones, and 
slates. They are most typically exposed on 
the southwest coast of the island, where they 
occupy a narrow belt that extends from a small 
cove opposite Dall Bay northwestward for 
about 7 miles. Unfossiliferous rocks, presum- 
ably of the same formation, to judge from litho- 
logic similarity and structural relations, occupy 
a narrow belt that extends across George Arm 
and Carroll Inlet. 

On Gravina Island the Upper Triassic rocks 
fall naturally into three main divisions — one 
composed essentially of conglomerate, one 
essentially of limestone, and one of interbedded 
black slate, sandstone, conglomerate, and 
limestone. These three conformable terranes 
are shown by fossils to be probably Upper 
Triassic." Overlying the Upper Triassic sedi- 
ments, with apparent conformity, are volcanic 
agglomerates and intercalated sedimentary 
beds which are, at least in part; of Upper 
Jurassic or lower Cretaceous age and possibly 
in part of Upper Triassic age. 

The exposed basal member of the series on 
Gravina Island is a coarse conglomerate that 
extends along the southwest coast of the island 
from Conglomerate Point northwestward to 
Open Bay and occupies three narrow strips 
' whose continuity is broken by Fivemile Cove, 
Thompson Cove, and Threemile Cove. The 
conglomerate is a heavily bedded, massive rock. 
The boulders are essentially of angular coarse- 
grained granite resembling the granite of An- 
nette Island, and the matrix is quartz-feldspar 
sand presumably derived from the same source 
as the boulders. Intercalated with the coarse 
conglomerate are thin beds of sandstone, which 
are composed of the same material as the 
matrix of the conglomerate, and gradational 
beds of grits. Thin beds of fossiUferous lime- 
stone and black slate with pronoimced cleavage 
occur sparingly. The conglomerate and inter- 
calated sandstone beds are strongly indurated 
and break with prominent fractures across the 
boulders. 

On a small cove south of Threemile Cove * 
the conglomerate is finer grained toward the 
top and passes upward into grits, sandstone, 
and slate which are overlain by a large block 

1 Threemile Cove has appeared in the literature as "oove 3 miles 
north of Dall Head." 



of fossiliferous massive limestone. There has 
been some movement along this contact, so 
that the relations are confused, but the lime- 
stone is apparently above the conglomerate 
and sandstone. On Thompson Cove the con- 
formable relations of the limestone to the con- 
glomerate, sandstone, and slate are more evident, 
although here also there has been some faulting. 

In the upper part of the conglomerate the 
beds are thinner and the material is much finer 
grained and contains more sandstone, slate, 
and thin beds of limestone, which are conform- 
ably overlain by the massive limestone. 

The hmestone varies in appearance from 
place to place. On Thompson Cove and Open 
Bay it is a soft gray fossiliferous rock, corals 
being especially abundant. On Threemile 
Cove it is more closely folded, is considerably 
silicified, and weathers out brick-red. The 
limestone here is less fossiliferous, and the fos- 
sils are poorly preserved. The greater amoimt 
of deformation of the limestones on Threemile 
Cove is probably the result of contact meta- 
morphiam induced by the intrusive rocks of 
DaU Head. 

The massive limestone is conformably over- 
lain by a great thickness of black slate with 
intercalated beds of conglomerate, sandstone, 
and limestone. These beds crop out along 
the coast of Gravina Island for a distance of 
about 3 miles north of the limestone area and 
extend to the high hiUs of DaU Ridge north of 
Dall Head. Similar rocks are exposed on 
Boetwick Inlet and Seal Cove and extend north- 
westward in a belt from 2 to 3 miles wide to 
Vallenar Bay and North Vallenar Point. 

The dominant rocks of this series are black- 
clay slates having a pronounced cleavage. In* 
tercalated with the slate are thin beds of quartz 
sandstone, quartzite, and conglomeratic sand- 
stone. The limestone beds are not numerous 
but are usually fossiliferous. The interbedded 
limestone layers are about 20 to 30 feet in 
thickness but appear to be lenticular. 

The black slate and associated sediments 
are closely folded, especially on Threemile 
Cove, where the beds are thrown into sharp 
contorted folds. The beds on Vallenar Bay 
are much more regular and show none of the 
close folding. 

On Revillagigedo Island associated conglom- 
erate, limestone, schistose slates, and phyllites 
are correlated with the sedimentary series of 
Gravina Island on the basis of similarity of 
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lithology and sequence and stratigraphic and 
structural relations. The beds are exposed on 
George Arm, Carroll Inlet, and Thome Arm. 
The lithologic similarity of these rocks to the 
Triassic rocks of Gravina Island is marked^ 
notwithstanding their more schistose nature, 
which is due to their proximity to the large 
masses of intrusive rocks. The conglomerate is 
very schistose, and the cobbles are mashed and 
deformed. The limestone is white and crystal- 
line, and the slates are in part schistose and 
might more correctly be termed phyllites and 
schists. Similar slates, phyllites, and schists 
occur on the north end of Tongass Narrows. 

These rocks show different degrees of meta- 
morphism. The most extreme phases occur 
along the borders of the plutonic bodies of 
Revillagigedo Island, and the amoimt of meta- 
morphism varies more or less directly with its 
nearness to the igneous rock. On Tongass 
Narrows the slates show Uttle metamorphism 
except cleavage and the development of a 
little secondary mica. As the igneous rocks 
are approached the metamorphism becomes 
more noticeable. On Ward Cove the slates 
have a very pronounced schistosity and contain 
considerable secondary mica and hornblende. 
The most prominent type is a dark-gray rock 
with acicular hornblende crystals a centimeter 
in length, white mica, quartz, and colorless 
garnet in large euhedral crystals. Pyrite is 
locally abundant. Another type is a dark- 
green schist composed essentially of hornblende 
and quartz. Garnet is an abundant accessory. 
It occurs in euhedral crystals partly altered 
to calcite and quartz. Epidote, chlorite, and 
pyrite also occur. 

No fossils have been found in these rocks, 
but on account of their stratigraphic position 
between the Carboniferous rocks of Revillagi- 
gedo Island and the supposedly Triassic or 
Jurassic volcanic rocks of Tongass Narrows 
and Gravina Island, they appear to occupy 
about the same horizon as the Triassic slat^ 
and sandstones of Gravina Island. The se- 
quence of this series is also the same as the 
Triassic succession of sedimentary beds of 
Gravina Island — conglomerate, limestone, 
argillaceous and arenaceous sediments. From 
the present relation of the beds the sequence 
on the two islands appears to be reversed, but 
this 18 due to the overturned position of the 
section on Revillagigedo Island. 



STBUCTUBE. 

The Triassic conglomerate, limestone, and 
black slate of the west coast of Gravina Island, 
although closely folded, maintain a general 
strike of about N. 70^ W. The beds dip north- 
east and occupy one limb of the synclinorium, 
which dips beneath the volcanic rocks and 
comes to the surface in Bostwick Inlet and 
presumably also on Revillagigedo Island near 
the head of George Arm, where the beds are 
involved in the overturned limb of the syn- 
clinorium. 

STaATIGRAPHtC RELATIONS. 

The base of the Upper Triassic series of Gra- 
vina Island is not visible. The lowest part 
ex]>osed occiu^ at Threemile and Thompson 
coves, where the actual base of the conglomerate 
is concealed by the water. At Vallenar Bay 
the Triassic rocks overlie Devonian sediments 
that come to the surface along the axis of an 
anticline. The contact is covered by the 
Quaternary deposits of Vallenar Bay. The 
presence of Devonian pebbles in the conglom- 
erates of Threemile Cove indicates an imder- 
lying rock of that age, and on George Arm the 
supposedly Triassic rocks rest upon Carbonif- 
erous rocks. A marked imconformity at the 
base of the Upper Triassic rocks is thus evident. 

On Gravina and Revillagigedo islands the 
Triassic rocks are in places conformably over- 
lain by volcanic beds of Upper Triassic or 
Jurassic age and in places unconformably by 
slate and graywacke of Jurassic or Cretaceous 
age. The conglomerate and sandstone of Dall 
Head are invaded by dioritic rocks, presumably 
of Jurassic or Cretaceous age, and are imcon- 
fonnably overlain by Tertiary lavas. 

OBIQIN. 

The Upper Triassic rocks are the products of 
normal deposition and are evidently of marine 
origin, as shown by the fauna present in all 
the members. They are believed to represent 
an unbroken period of deposition, but the 
abrupt change from conglomerate to massive 
Umestone and black slate with numerous inter- 
calations of Umestone, conglomerate, and 
sandstone indicates that the rocks were de- 
posited under constantly changing conditions. 
The massive conglomerate was evidently a 
basal formation and was laid down in com- 
paratively shallow water near the shore line 
and derived its material from the products of 
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land waste. The organic nature of the lime- 
stone is clearly proved by the great abundance 
of organic remainSi especially corak, which it 
contains. The schists and phyllites were 
originally slates and sandstones, probably of 
marine origin, but have been changed to their 
present condition by the contact influence of 
the intrusive rocks. 

AGE AND OOBBBLATION. 

The age of these rocks is shown by a large 
number of fossil collections, made from all 
members of the series, to be Triassic, probably 
Upper Triassic. 

Fossils collected by G. C. Martin and R. M. 
Overbeck from the massive conglomerate at 
the exposed base of this series were determined 
by T. W. Stanton as follows: 

8831 (G. G. M. No. 3). Gravina Island near 8830. Large 
limestone nodule in conglomerate. The whole nodule 
is a nautiloid with deeply lobed suture, possibly refer- 
able to Cotmonautiltu. On the back is a Rhyneho- 
nella (?). Probably Triassic. 

8833 (G. C. M. No. 5). Gravina Island, south arm of cove 
3 miles north of Dall Head. Near zone of nodular 
masses of limestone in conglomerate. This lot appears 
to be Devonian. 

Mr. Martin's opinion, with which the writer 
agrees, is that the Triassic conglomerate rests 
unconformably upon Devonian rocks, and the 
Devonian fossils from Threemile Cove were ob- 
tained either from boulders in the conglomerate 
or from unrecognized Devonian rocks occurring 
in complex structural relations with the Triassic 
beds. The beds on Threemile and Thompson 
coves are faulted and also closely folded and 
contorted, thus being thrown into complex 
structural relations. From the wording of the 
locality description given above it would 
appear quite possible that the fossils were col- 
lected from included masses of limestone in the 
conglomerate. In 1916 A. H. Brooks and the 
writer collected fossils from narrow bands of 
limestone definitely interbedded with the con- 
glomerate. J. B. Reeside reports on these as 
follows: 

9899 (16 ACh 136). Threemile Gove, Gravina Island. 
Echinoid spine, possibly of Cidarift. Age imdetermined. 

Fossils were first collected from Threemile 
Cove in 1906 by the Wrights.* The exact lo- 
cality is imcertain, but the matrix of the fos- 
siliferous rocks is described as calcareous schist, 
which is evidently the siUceous limestone. 
The faima was regarded by G. H. Girty as com- 

i Wright, F. E. and C. W., op. dt., p. 52. 



ing from the uppermost part of the Carbon- 
iferous or from the Mesozoic. These beds were 
thus doubtfully referred to the Mesozoic for 
some years, but recent collections have shown 
them to be without much doubt Triassic and 
probably Upper Triassic. 

Collections made by Martin and Overbeck 
from the limestone beds of Threemile Cove 
occurring beneath the black slate were deter- 
mined by T. W. Stanton as follows: 

8830 (G. C. M. No. 2). Gravina Island, south arm of "cove 
3 miles north of Dall Head.'' Massive limestone out- 
crop near anchorage behind vooded island. 

Undetermined corals of Mesozoic type, two or three 

genera represented. 
Ostrea? sp. 

Pseudomelania? sp., internal cast. 
Arcestes?? sp., fragment; may not even be an am- 
monite. 
Probably Triassic. 
8832 (G. C. M. No. 4). Gravina Island, near south foreland 
on arm of "cove 3 miles north of Dall Head, ^ near con- 
tact with conglomerate. 

Undetermined coral fragment. 
Pentacrinus sp., segment of column. 
Probably Triassic. 

8834 (G. 0. M. No. 6). Gravina Island, north arm of "cove 
3 miles north of Dall Head." Massive limestone in 
reef vest of cabin. Probably about 100 feet below 8704. 

Corals, probably several genera. 
Cassianella sp. 
Myophoria?? sp. 
Natica sp. 
Murchisonia? sp. 
Triassic. 

8835 (G. 0. M. No. 7). Gravina Island, near 8834, from 
thin-bedded limestone interbedded with shale about 20 
or 30 feet below 8834. 

Corals; several genera represented. 
Spiriferina? sp. 
Myophoria? sp. 
Natica sp. 
Turritella? sp. 
Pseudomelania? sp. 
Trachyceras? sp., small fragment. 
Triassic. 

The following collections made hj the writer 
in 1915 from the limestone overlying the mas* 
sive conglomerate were determined by Mr. 
Stanton: 

9531 (15 ACh 111). West coast of Gravina Islaad. Oove 
2\ miles north of Dall Head. 
.Echinoid spines. 
Undetermined corals. 
Ostrea? sp. 
Gryphaea? sp. 
Pecten sp. 
Natica? sp. 
Turritella? sp. 

The fossils in this lot are poorly preserved and 
mostly fragmentary. They are apparently Meso- 
zoic and may be Triassic. 
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15 (ACh 121). Northeaat shore of Thompson Cove, Gravina 
Island. 

Corals, genus undetermined. 
Pentacrinus sp. 
Echinoid spine. 
Ostrea? sp. 
Solemya? sp. 
Tuiritella? sp. 
Spiriferina? sp. 
Probably Triaasic. 
©534 (15 ACh 122). Northeast shore of Thompson Cove, 
Gravina Island. 

This lot includes undetermined corals, Ostrea?, 
Turritella?, and undetermined gastropods. Prob- 
ably Triassic. 
9536 (15 ACh 123). North shore of Thompson Cove, Gravina 
Island. 

Pecten? sp. 
Gryphaea? sp. 
Halobia sp. 

Undetermined ammonite. 
Triassic. 
9536 (15 ACh 129). Fivemile Cove, Gravina Island. 
Limestone apparently overlying massive cong lomerate. 
Corals, several undetermined genera. 
Bryozoa? 
Pecten sp. 
Purpurina?? sp. 

Undetermined slender gastropod. 
Probably Triassic. 
9637 (15 ACh 130). 'Fivemile Cove, Gravina Island. 
Corals, several genera. 
Bryozoa? 
Myophoria sp. 
Purpiuina?? sp. 
Turbo? sp. 
Triassic. 
9538 (15 ACh 132). Fivemile Cove, Gravina Island, im- 
mediately n«rth of 9537. 
Gryphaea sp. 
Probably Triassic. 

Two lots of fossils collected by P. S. Smith 
from the black slate of Threemile Cove (8704) 
and also from Fivemile Cove (8705) were sub- 
mitted to Mr. Stanton, who reported as follows: 

The only fossil species recognized in these tvo lots is a 
Halobia^ which is closely related to if not identical with 
ff. superha Mojslsovics, an Upper Triassic species. The 
rocks from which these collections came are therefore re- 
ferred to the Triaaaic. 

The writer made the following collections in 
1915 from the black slate and interbedded 
limestone and sandstone beds of Threemile 
Cove, Thompson Cove, and Dall Ridge. Stan- 
ton reports: 

15 ACh 112. Threemile Cove, Gravina Island, 300 yards 
north <A 15 ACh 111. 
Spiriferina? sp: 
Halobia? sp. 
Probably Triassic. 
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9532 (15 ACh 113). Threemile Cove, Gravina Island, 300 
^ yards southeast of north end of cove and about 700 yards 

north of 15 ACh 112. FoasUs from black slate and lime- 
stone. 

The black slate shows fragmentary specimens of 
Halobia cf . H. tuperha Mojsisovics, of Upper Trias- 
sic age, while the limestone shows imperfect speci- 
mens which seem to be referable to Aucella and 
hence is probably of Upper Jurassic age. 

The limestone and black slate from which 
the fossils regarded as Upper Triassic and 
Upper Jurassic were obtained are apparently 
interbedded. This anomalous occurrence may 
be due to very closely infolded Jurassic 
rocks, but it appears more probable that 
the doubtful Jurassic forms are not correctly 
identified. 

9533 (15 ACh 115). Thompson Cove, Gravina Island. 
Halobia slates in fault block. 

Cidaris? sp., imprint of surface. 
Halobia cf . H. superba Mojsisovics. 
Triassic. 

15 ACh 124. Dall Kidge, 1 miles north of Dall Head, 
Gravina Island. 

Echinoid spines, etc. 
Probably Triassic. 

The following collection was identified by 
J. B. Reeside: 

9900 (16 ACh 137). Threemile Cove, Gravina Island. 

Cerithium? sp., fragment showing part of two 
whorls. 

Isastraea cf . I. profunda Keuss. 
Thamnastraea cf . T. rectilamellosa Winkl. 
Spongiomorpha? sp. 
Hydrozoan, undetermined. 
Natica? sp. 

These forms are apparently of the Upper Triassic 
coral fauna referred by J, P. Smith to the Noric. 

The conglomerate sandstones near the crest 
of Dall Ridge contain Devonian fossils, but as 
these are fragmentary and occur in pebbles 
they indicate nothing more than the post- 
Devonian age of the rocks. Kirk reports: 

15 ACh 126. Dall Bidge, 4 miles north of Dall Head. 

Fragmental fossils apparently occurring as peb- 
bles in conglomerate. At least one of the fossils is 
Devonian. It is a coral, probably Alveolites. 

Black slates and sandstones exposed on the 
west coast of Bostwick Inlet are correlated, on 
structural grounds and lithologic similarity, 
with the upper part of the Triassic rocks on 
the west coast of the island, but fossils collected 
by different men have served to confuse the 
relations. The fossils Usted below were col- 
lected in 1914 by Martin and Overbeck from 
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the west shore of Bostwick Inlet and identified 
by T. W. Stanton: 

8836 (G. C. M. No. 8). Gravina Island, Bostwick Inlet, 
west shore near entrance. From angular nodules in a 
brecciated (?) nodular limestone. 

Terebratula sp. 

Spiriferina? sp. 

Pecten sp. 

Plicatula? sp. 

Cassianella sp. 

Myophoria sp. 

Myophoria or Trigonia sp. 

Nacula sp. 

Astarte?sp. 

Arcestes?sp. 
Tiiassic . This assemblage suggests the fauna of the 

lower part of the Modin formation in California, 

which was tentatively assigned to the Jurassic. 

Near this same locality P. S. Smith ^ also col- 
lected fossils on which Girty reports as follows : 

Three lots from Bostwick Inlet, Gravina Island, contain 
roimd crinoid stems (13 AS 170) and a single compressed 
pelecypod (13AS169), suggesting the genus Posidonomya. 
The third lot (13AS171) contains a pelecyxx>d fauna inter- 
esting and varied but entirely new to me. As these fossils 
at best show only the shapes and some of them the sculp- 
ture, and as pelecypods of similar external appearance may 
belong to widely di£ferent genera, the identifications made 
here are offered with doubt. Though similar doubt tacitly 
siuTounds many pelecypod identifications in faunal lists 
and elsewhere, I have expressed it in this case by the use 
of question marks because the age of the whole faima is 
involved in such uncertainty. In lot 171 five types are 
represented more or less abundantly and by specimens 
more or less good. These are Glossitesf cf. O. lingualis, 
Sckizodusf cf. S. appressu»y ParacycUuf cf. P. elliptictUf 
Crenipectenf cf. C. crenulattu, Elymellaf cf. E. nueaUAdu. 
Besides these, however, there are a good many indeter- 
minate forms, some of which suggest the genera Leda^ 
Chonetesff, Paeudomcnotisfff AvicuHpecterij and Nucula. 
The age of the fauna is quite uncertain. You declined 
for the time being to admit it into the Triassic, and nothing 
resembling it has thus far been brought in from the Alaskan 
Carboniferous. The generic and specific resemblances 
suggested above might indicate a Devonian fauna, but 
neither has any Devonian fauna related to this been 
obtained from Alaska. The genus CJumetes, if definitely 
present, would at least limit liie geologic age to the upper 
Paleozoic, but the specimen is so imperfect that even 
the identification as a brachiopod is doubtful. 

Thus the age of this, the best fauna in the collection, 
must for the present remain undesignated. It would be 
highly rash to attempt any definite age determination or 
conclusion for the other lots, contaiiiing, as they do, for the 
most part, only crinoid stems (even that being doubtful 
in some cases), though they may tentatively be placed in 
the Paleozoic. 

Regarding this report Smith suggests that 
this doubtfully determined fauna from Bost- 

1 Notes on the geology of Gravina Island, Alaska: Prof. Paper 95, p. 
103, 1915. 



wick Inlet, which is unknown elsewhere m 
Alaska, may mark a Lower Triassic horizon, 
also unknown in Alaska. He states: 

Ab Mr. Girty points out, this fauna is entirely unlike 
any other from Alaska. It therefore affords little aid in 
solving the stratigraphic position of the beds on Gravina 
Island. Certain significant deductions, however, suggest 
themselves. In general in southeastern Alaska the known 
Carboniferous rocks are limestones and not lithologically 
similar to the rocks of Gravina Island. The rocks here 
discussed are much less dynamically metamorphosed and 
are less intensely deformed than the known Devonian or 
Carboniferous rocks of the region. Their relation to the 
andesitic agglomerates and flows fits in better with an 
assumed Mesozoic age than with a Paleozoic age. The 
almost uninterrupted succession of beds from a basal (?) 
conglomerate to shales containing unquestioned Triassic 
fossils on the southwestern coast suggests that the doubt- 
fully determined genera from that locality, provisionally 
assigned to the Carboniferous, justify the suggestion made 
by Mr. Girty at that time that they may mark a Triassic 
horizon . No Lower Triassic is known in Alaska. Is it not 
possible that this fauna from Bostwick Inlet, which is 
unknown elsewhere in Alaska, fits into this as yet unfilled 
gap? 

Its reference to the Lower Triassic, however, 
seems improbable, for the fauna is in the upper 
part of the formation, above the position of 
the Hdhbiarbearing slates (determined as 
Upper Triassic) and immediately below the 
Upper Jurassic or Lower Cretaceous volcanic 
rocks. Its reference to the Upper Triassic or 
the Lower or Middle Jurassic would be more 
in keeping with the observed relations. 

The term "Vancouver series" was first ap- 
pUed by Dawson ^ to the entire mass of volcanic 
materials and interbedded hmestones, flaggy 
argiUites, and quartzites that imconformably 
underhe the Cretaceous rocks of Vancouver 
Island. At that time, on the evidence of 
intercalated fossiliferous beds, this series of 
rocks was regarded as largely Triassic, although 
the possibility of its including both Jurassic 
and Carboniferous rocks was recognized. The 
"Vancouver series'' was later subdivided by 
Qapp,* who has shown that it is in part Juras- 
sic and possibly also Carboniferous. The Tri- 
assic rocks of Gravina Island are probably the 
equivalent of parts of the "Vancouver series" 
of Vancouver and Queen Charlotte islands. 

Triassic rocks are widespread throughout 
Alaska and occur at many places in southeast- 
em Alaska. Fossils of Upper Triassic age 

* Dawson, O. H., Canada Oeol. Survey Ann. Kept. 1886, p. lOB. 

* Clapp, C. H., Southern Vancouver Island: Canada Oeol. Survey 
Mem. 13, p. 37, 1912. 
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hxve been found on Admiralty, Kapreanof , 
and Screen islands. 

Martin ^ states that the abundant corals in 
some of these Triassic rocks of Gravina Island 
suggest that they may represent the lower 
Noric coral fauna of lUamna Lake. He con- 
siders that the Triassic Hmestones of south- 
eastern Alaska, which in general are charac- 
terized by faunas containing Hdlohia cf. H, 
superba Mojsisovics, correspond at least ap- 
proximately in position to the Chitistone Ume- 
stone of the Copper River valley. 

UPPER TRIASSIC OR JURASSIC ROCKS. 

The rocks designated greenstone and slate 
on the map are made up of an interbedded 
series of altered tuffs, flows, and black slates, 
with some intrusives, occurring on Gravina 
and Revillagigedo islands. The greenstones 
and slates overUe the Upper Triassic rocks with 
apparent conformity. On the evidence of a 
few fossils f oimd in the intercalated sediments 
and on structural groimds and analogy with 
rocks Oi known age these rocks are regarded as 
Upper Triassic or Jurassic. 

DISTEIBUTION. 

The greenstone and slate occupy three par- 
allel belts on Gravina Island. One extends 
from South Vallenar Point to Seal Cove, 
another from the east shore of Bostwick Inlet 
to Vallenar Point, and the third along Tongass 
Narrows from Old Indian Town to Gravina 
Point. Northeast of Tongass Narrows similar 
rocks extend from Radio station to Herring 
Bay. 

CHABACTEB AND STRATIGBAFHIO RELATIONS. 

The rocks consist essentially of volcanic 
breccias and tuffs with interbedded black 
slates and water-laid fine-grained tuffaceous 
sediments. Certain green schistose tuffs ap- 
parently interbedded with the more massive 
tuffs and breccias may be older infolded rocks, 
and some graywaci^a and slates may be 
younger infolded rocks. 

The detailed sequence of the volcanic rocks 
of Gravina Island has not been worked out. 
In general they may be divided into two 
parts — a lower series of piu^ly igneous material, 
mainly coarse pyroclastic rocks and breccias 

1 Martin, O. C, Triassic rocks of Alaska: GeoL Soc. America Bull., vol. 
27, p. 700, 1916. 



and an upper series of mixed water-laid tuffs 
and black slates and limestone, with porphy- 
ritic basic rocks of similar composition, evi- 
dently partly intrusive and partly explosive. 
No sharp line separates the two parts, which 
the writer has not differentiated on the geo- 
logic map. The black slates pass into green 
fissile tuffs, and these into more massive varie- 
ties, so that as a rule a sharp line of contact 
can not be drawn between them. By moro 
detailed work the lower purely volcanic mate- 
rial might be separated from the upper mixed 
sedimentary and igneous material. The Ume- 
stone bodies are too small to be shown on & 
map. 

The base of the volcanic rocks is evidently 
the coarse breccia that overUes the Upper Tri- 
assic sediments of the west coast of Gravina 
Island. This breccia occupies the southern 
part of DaU Ridge and portions of California 
Ridge. It is a fine-grained green rock with 
large angular fragments set in a dense matrix 
of the same composition. 

The breccia passes upward into finer- 
grained tuffs, in part at least water-laid mate- 
rial with which are intercalated black slates 
and thin beds of crystalline limestone. The 
black slates are typical clay slates having & 
well-developed cleavage, with bedding planes 
discernible in places. The slates are plainly 
conformable with the green tuffs. 

The black slates and green bedded tuffs are 
best developed along the north shore of Ton- 
gass Narrows from Ketchikan to Mountain 
Point. The black slates are in places con- 
siderably metamorphosed and schistose and 
might more correctly be called phyllites. They 
are closely interbedded with and grade into 
fissile green tuffs, both of which are interbedded 
with more massive tuffs. The green tuffs aro 
also schistose and in places completely recrys- 
tallized. The greater part of the town of 
Ketchikan stands on rocks of this character, 
and excavations for street building show both 
the blocky and fissile types. The most schis- 
tose types are completely recrystallized and 
consist of secondary quartz, feldspar, calcite, 
epidote, and chloritic material. The massive 
types consist essentially of secondary epidote, 
hornblende, chlorite, sericite, and calcite, with 
pyroxene and plagioclase feldspar crystals 
almost entirely replaced by secondary min- 
erals. 
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The schistose green tuffs referred to by 
Brooks' as greenstone schist and by Smith' as 
the green schist near Ketchikan, were regarded 
by both as Paleozoic. According to the present 
interpretation of the structure of Gravina and 
Eevillagigedo islands these tuffs stratigraphi- 
cally overlie the massive igneous rocks carry- 
ing Jurassic fossils and occupy a position near 
the top of the formation. Their schistose na- 
ture is believed to be due to contact meta- 
morphism induced by the intrusive masses of 
Eevillagigedo Island, as indicated by the in- 
crease of schistosity toward the igneous rocks 
on the northeast. 

The base of the greenstone and slate series 
is evidently the coarse breccia found along the 
west coast of Gravina Island. It overlies the 
Upper Triassic sediments with apparent con- 
formity. As previously brought out, the 
breccia grades upward into a more dominantly 
sedimentary series of green tuffs and black 
slates which are imconformably overlain by 
conglomerate, slate, and graywacke of Upper 
Jurassic or lower Cretaceous age. 

STRUCTURE. 

On Gravina Island the volcanic rocks of 
Dall Ridge occupy the trough of an over- 
turned syncline, and the other two areas — one 
extending from Vallenar Point to Bostwick 
Inlet and the other on Tongass Narrows — 
form the two limbs of another overturned 
syncline, the trough of which contains the 
Upper Jurassic or Lower Cretaceous sedimen- 
tary rocks of Blank Inlet. The volcanic rocks 
on the northeast shore of Tongass Narrows are 
also believed to be overturned and to overlie 
stratigraphically the phylUtes of Ward Cove 
and George Arm and the Carboniferous schist 
to the northwest, which seem to overUe the 
volcanic rocks. 

ORIGIN. 

The volcanic breccias at the base of the series 
are evidently the product of volcanic explo- 
sions. The perfect stratification of much of 
this igneous material and the conformable 
intercalations of slate and limestone show that 
at least portions of it were deposited or col- 
lected in water. The pillow-like structure of 
some of the flows that occur with the frag- 

i Brooks, A. H., Preliminary report on the Ketchikan mining district, 
Alaska: U. S. Qeol. Survey Prof. Paper 1, p. 48, 1902. 
s Smith, P. S., op dt., p. 100. 



mental rocks indicates that they also were 
submarine. 

AGE AND CORRELATION. 

The age determination of the greenstone 
and slates rests upon rather slender paleonto- 
logic foundation. The collections from Bost- 
wick Inlet were submitted to Mr. Stantcn, 
who reports as follows: 

9523 (15 ACh 104). Bostwick Inlet, Gravina Island. 

9529 (15 ACh 105). Bostwick Inlet, Gravina Island. 

Aucella sp. 
Probably Upper Jurassic; possibly Lower Creta- 
ceous. 

9530 (15 ACh 106). Bostwick Inlet, Gravina Island. 

Pecten? sp. 
Not sufficient for determining age but probably 
from same formation as 9528 and 9529. 

These fossils were collected from the west 
coast of Bostwick Inlet about half a mile 
south of the localities from which the Triassic 
and doubtful collections were made. The 
fossils occur in sedimentary beds apparently 
interbedded with the volcanic breccias and 
overlying the Triassic sediments, but the 
relations are somewhat obscured by the gravel 
covering. 

Some correlations with rocks of known age 
are suggested. The greenstone and slate series 
extends more or less continuously along the 
mainland and adjacent islands of southeastern 
Alaska. In the Juneau region the recent 
detailed work of Spencer and Eakin shows a 
section similar to that exposed along Tongass 
Narrows and adjacent islands, and Brooks, 
who has studied both sections, believes that the 
black slate and greenstones of Ketchikan 
should be correlated with the andesitic flows 
and black slates of Juneau, which carry 
Triassic fossils. The finding of Upper Triassic 
fossils by Spencer and Eakin' in the slate and 
greenstone series of Juneau suggests to the 
writer the possibility that the rocks of Tongass 
Narrows are of similar age. Smith ^ notes the 
similarity between the volcanic rocks of Gra- 
vina Island and the augite melaphyres of the 
region north of Juneau, referred by Ejiopf* 
to the Upper Jurassic or Lower Cretaceous, 
and it is not at all imUkely that the upper 
portion of the slate and greenstone series of 
the Ketchikan district may be the equivalent 

• U. 8. a«ol. Survey Thirty-€ighth Ann. Rrpt., p. 90, 1917. 

* Smith, P. S., op. cit., p. 1(M. 

» Knopf, Adolph, The Eagle Rfyer region, southettstem Alaska: 
U. 8. Oeol. Survey Bull. 502, p. 18, 1912. 
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of the volcanic rocks associated with the 
Bemers formation. The slate and greenstone 
of the Ketchikan district may thus be corre- 
lated with both the Triassic and Jurassic rocks 
of the Juneau region. 

Rocks of greater value for purposes of 
correlation occur on Vancouver and Queen 
Charlotte islands. The '^Vancouver series/^ 
first defined by Dawson as Triassic, was later 
subdivided by Oapp * on the basis of distribu- 
tion, lithology, and structure into the Nitinat 
formation, Vancouver volcanics, Sutton for- 
mation, Sicker series, and Metchosin volcanics. 
He uses the term '* Vancouver group" in 
place of '* Vancouver series" as used by Daw- 
son. The Nitinat formation is made up of 
highly altered calcareous sediments and is 
regarded as Jurassic or Triassic (?). The 
Vancouver volcanics are composed largely of 
volcanic materials with interbedded sediments. 
On the evidence of fossils collected from the 
intercalated limestone beds of the Sutton for- 
mation the Vancouver volcanics are regarded 
by Clapp as lowermost Jurassic. The Jurassic 
age of these rocks, however, is not accepted 
by Martin,' who considers that the fossil 
evidence is not conclusive and that the Sutton 
limestone fauna may with equal confidence be 
called Upper Triassic. The Sicker series is 
made up of metamorphic, chiefly schistose 
sedimentary and volcanic rocks, with intrusive 
porphyrites. The stratigraphic relation of this 
''series" to the ''Vancouver group" of which 
it forms a part is not certain, but it is believed 
to occur above the Vancouver volcanics. 

On Graham Island, one of the Queen Char- 
lotte group, the "Vancouver group'' was sub- 
divided by MacKenzie ' into the Maude forma- 
tion, referred to the Lower Jurassic and possi- 
bly in part to the Triassic, and the Yakoun 
formation, of Middle Jurassic age. The Maude 
formation is composed of a lower part, made 
up of banded slaty and flaggy argillites^ in 
places carbonaceous, and an upper part of 
feldspathic sandstones. Partly crystalline bi- 
tuminous massive Umestones are provisionaUy 
classed with the Maude formation. Near the 
top of the formation, where it begins to grade 
into the overlying Yakoun formation, the sand- 

* Clapp, C. H., op cit.y p. 37. 
' Martin, G. C, op. dt., p. 709. 

> MacKenxie, J. D., Otology of Oraham Island, B. C: Canada GeoL 
Survef Ham. 88, p. 39, 1910. 



stone contains igneous material. The Maude 
formation is regarded on fossil evidence as 
ITpper Triassic and Lower Jurassic. 

The conformably overlying Yakoun forma- 
tion consists of water-laid agglomerates and 
tuffs, conglomerates, lavas, and possibly intru- 
sives. Fossils contained in the intercalated 
sediments indicate a Jurassic age, suggesting 
correlation with the Tuxedni sandstone (Mid- 
dle Jurassic). 

The correlation of the lower part of the vol- 
canic rocks of Gravina Island with the Van- 
couver volcanics and the upper part of the 
Maude formation is suggested. The upper part 
of the volcanic rocks of Gravina Island may 
be the equivalent, at least in part, of the Sicker 
series and the Yakoun formation. The age 
of the Gravina Island volcanic rocks is by no 
means certain. It is not at all unUkely that 
they contain both Triassic and Jurassic rocks 
and possibly some infolded Paleozoic rocks 
also. 

UPPER JURASSIC OR LOWER CRETACEOUS ROCKS. 

DISTRIBUTION AND CHARACTER. 

A formation consisting essentially of inter- 
bedded conglomerate, graywacke, and black 
slate exposed along a wedge-shaped strip 
extending from Blank Inlet to the northeast 
coast of Gravina Island (see PI. VIII, B and C) 
is determined on fossil evidence to be Upper 
Jurassic or Lower Cretaceous, and similar 
rocks just northwest of Ward Cove are corre- 
lated with this formation. 

The conglomerate does not appear to be the 
basal member but occurs at intervals through- 
out the formation interbedded with the gray- 
wacke and slate. It is composed of rather fine 
grained pebbles with a few boulders as much 
as a foot in diameter. The matrix is essen- 
tially a graywacke but contains a considerable 
amount of igneous rock fragments. The 
pebbles and cobbles are mostly igneous and 
resemble the volcanic rocks of Gravina Island. 
Pebbles of dioritic rocks resembling the plu- 
tonic rbcks of the Coast Range also occur. 
No members of this formation are known to 
be of igneous origin, although both matrix 
and cobbles of some of the conglomerates 
contain so great an amount of igneous material 
that they resemble agglomerates. 
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The conglomerate passes by increasing fine- 
ness and decrease of igneous material into 
typical-looking graywacke with angular slate 
fragments. Microscopic examination of the 
graywacke shows it to consist essentially of 
quartz ietnd feldspar grains with angular frag- 
ments of slate and decomposed particles of 
dioritic rocks, hornblende, pyroxene, and 
epidote. Flakes of biotite may be secondary, 
but no marked schistosity has developed. 

The slates are very fissile black clay slates 
and are closely interbedded with the gray- 
wacke members. The slates have a marked 
cleavage. (See PI. VIII, C.) 

STRATIGRAPHIC RELATIONS. 

These Upper Jurassic or Lower Cretaceous 
beds overlie the volcanic rocks of Gravina Island 
described above and regarded as Triassic or 
Jurassic, but in most places the relations are 
rather obscure. On the northeast shore of 
Bostwick Inlet near the entrance the slates 
and graywacke overlie the eroded surface of 
the volcanic rocks with marked unconformity. 
On the northeast shore of Gravina Island con- 
glomerates and graywacke overlie the volcanic 
rocks without apparent angular unconformity. 
The conglomerate and graywacke of Ward 
Cove are noticeably unconformable upon the 
black phyllite that has been correlated with 
the Upper Triassic rocks. 

STRUCTURE. 

The conglomerate, slate, and graywacke beds 
of Blank Inlet occupy the trough of an over- 
turned syncline in which are also involved the 
volcanic rocks of Gravina Island, which actuaUy 
overlie them on the east shore of Blank Inlet. 

ORIGIN. 

These Upper Jiu'assic or Lower Cretaceous 
conglomerates, graywackes, and slates are the 
products of normal deposition in a shaUow sea. 
The constantly changing character of the de- 
posits indicates corresponding changes of con- 
ditions during their deposition. The materials 
of the rocks were apparently derived in part 
from the volcanic rocks of Gravina Island near 
by and \n part from the surrounding regions. 

AGE AND CORRELATION. 

The age determination of the slates and 
graywackes of Blank Inlet rests on a single 



fossil collection from which only one form was 
identified. Mr. Stanton reports: 

9527 (15 ACh 99). Blank Inlet, 1} miles north of Blank 
Point, Gravina Island. 
Belemnites sp. 
Jurassic or Lower Cretaceous. 

Smith* correlated the conglomerates and 
other sediments on the west coast of Oravina 
Island with these somewhat similar ones on 
Blank Inlet. However, besides the fossil 
evidence which now shows that the two are 
distinct, there are very marked differences in 
the lithology. The conglomerates of Threemile 
Cove are composed essentially of a peculiar 
type of igneous rock that was not noted on 
Blank Inlet, where the conglomerates contain 
a great amoimt of greenstones and dioritic 
rocks similar to the intrusives of the Coast 
Range, types neither of which was observed 
in the conglomerate of the west coast. The 
sedimentary beds of both Bostwick Inlet and 
the west coast contain beds of siliceous sand- 
stone and quartzite but no appreciable amount 
of graywacke. On Blank Inlet the reverse is 
true; the arenaceous beds are dominantly 
graywacke, and pure quartzose beds are lack- 
ing. Structural differences are also very ap- 
parent. The conglomerate of Blank Inlet is 
considerably sheared; the rocks of the west 
coast are massive. This might appear to indi- 
cate a greater age for the rocks of Blank Inlet 
but the greater amount of deformation is no 
doubt due to the difference in composition of 
the rocks, the soft agglomeratic material being 
much more easily affected than the granite. 
It is a noticeable fact that the few diorite 
boulders in the conglomerate of Blank Inlet 
have withstood the deformation. 

The rocks of the Queen Charlotte series, 
with which these beds of conglomerate, slate, 
and graywacke on Gravina Island were at first 
correlated, are now determined as Upper Cre- 
taceous* and are thus yoimger than any 
known rocks of Gravina Island. The conglom- 
erate, slate, and graywacke of Blank Inlet 
are possibly the equivalent of the Berners 
formation of Eagle River, the conglomerate, 
graywacke, and slate of Admiralty Island and 
other places in southeastern Alaska, and the 
Valdez group of Prince William Sound. 



» Smith, P. S., op. cit., p. 104. 
* MacKeniie, J. D., op. dt., p. 05. 
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TERTIART ROCKS. 

The only rocks of Tertiary age within the 
area consist of rhyolite, which occurs on the 
peaks of Dall Head and extends from Thomp- 
son Cove nearly to Seal Cove. It is a light- 
gray dense rock composed essentially of quartz 
and feldspar. It overlies unconformably the 
granite and greenstones of Dall Head and has 
not shared in the mineralization of the imder- 
lying rocks. It was r^arded by the Wrights 
and Smith as Tertiary. 

.QUATERNARY ROCKS. 

GLACIAL DEPOSITS. 

DISTBCBXrnON AND CHARACTEB. 

The most recent sediments are the glacial 
deposits. Rocks of this character are not 
abimdant but have been found at one place on 
Gravina Island. About half a mile northwest 
of the cabin at the head of Dall Bay is a small 
exposing of glacial material about 80 feet 
above sea level. The outcrop is concealed on 
all sides by v^etation. The exposed base 
contains about 2 feet of glacial till and blue 
clay and is overlain by stratified beds of glacial 
gravel about 5 or 6 feet thick. Fossils occur 
in both the blue clay and the stratified gravel. 

AGE AND CORRELATION. 

A small collection of fossils from the glacial 
deposits was submitted to W. H. Dall, who 
reports: 

I have examined the material from Dall Bay, Gravina 
Island . The material is a " boulder clay '' which disinte- 
grates in water, and when it is strained o£f the fossils re- 
nuiin in a clean condition. Near the Tread well mine 
opposite Juneau the same formation extends to an altitude 
of 200 feet. The species contained in Mr. Chapin's col- 
lection are as follows: 

Cylichnella n. sp. 

Bela violacea Mighels. 

Colus sp., fragment. 

Gardlum (Gerastoderma) ciliatum Fabricius. 

Axinopsis viridis Dall. 

Macoma calcarea Gmelin. 

Saxicava arctica Linn^. 

Mya intermedia Dall. 

Balanus sp., fragment. 
The assembly naturally indicates the colder 

climate associated with the period of glaciation. 

These fossiliferous deposits occur about 80 
feet above high tide, a position that indicates 
an uplift of the land since the glacial epoch. 
Corroborative proof of a recent uplift is found 



in the elevated wave-cut benches f oimd in this 
vicinity. That part of Gravina Island south of 
Dall Heady the bold promontory that marks 
the south end of the highlands of the island, is 
a flat plain (PI. VIII, A). This and similar 
features on Annette Island and at other places 
near by are regarded as wave-cut benches. 
Smaller features of the same character are low- 
lying, flat benches along the coast, some a few 
feet above high tide and others only partly 
above water. The higher benches are forested 
and dissected by erosion, but others near the 
water level are bare of vegetation and appar- 
ently have been only recently uplifted, and it 
is not at all unlikely that tliis emergence has 
continued to the present time. As the benches 
are developed only locally, however, it is prob- 
able that the uplift was of a diflPerential charac^ 
ter and that some parts of the region are sink- 
ing below sea level and others are rising, owing 
to the warping nature of the movement. 

MASmZ OBAVXLS. 

During the period in which the fossiliferous 
deposits of Dall Bay stood at sea level the low 
depression that connects Vallenar Bay and 
Bostwick Inlet was evidently in large part 
flooded if not wholly covered. It is thus safe 
to assume that the gravels that mantle the 
floor of this "through" vaUey are largely 
marine, although partly reworked by later 
stream action. The valley floor is covered by 
vegetation which hides the deposits. 

INTRUSiyE ROCKS. 

The intrusive rocks of Dall Head were not 
examined in detail by the writer. On the west 
coast of Gravina Island they are apparently 
dioritic in composition and along the contact 
with the sediments are gneissoid. This struc- 
ture is regarded as purely cataclastic; the 
gneissoid effect is commonly noted in the dio- 
rites at other places in the Ketchikan district 
and is not regarded as evidence of an older 
gneiss. On the extreme southern point of 
Gravina Island, however. Smith noted gneisses 
which he regards as Paleozoic, intruded by 
igneous rocks. He states: ^ 

At this place they conisiBt of highly metamorphic gneiaBOfl 
and amphibolites which have been intruded by igneous 
rocks. Undoubtedly the older rocks have been metamor- 
phoaed locally by the younger iDtnudves, but apparently 

1 Smith, P. S., op. dt., p. 97. 
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they were considerably metamorphosed dynamically before 
they were intruded. No definite determination of the age 
of the gneisses and amphibolites has been made. Judged 
by their physical character they seem to be much older 
than any of the known late Paleozoic rocks. Although 
their aspect may be due in laiige measure to the contact 
effects producied in proximity to the large intrusive masses, 
the impression gained in the field, and not dispelled by 
later investigations in the office, is that those rocks are 
probably at least as old as the middle or earlier part of the 
Paleozoic era. 

The relation of the old gneisses and amphibolites to the 
other sedimentary rocks of the region is indefinite, because 
they occupy only a small area at the extreme end of the 
island and are surrounded on all sides by sea or by a large 
area of younger igneous rock. No other rocks on Gravina 
Island are correlated with these rocks near Dall Head. 

The great abundance of coarse angular 
blocks of granite occurring in the Upper Trias- 
sic conglomerate suggests a near-by land mass 
of this rock. The gneisses noted above may 
be a remnant of this old land mass^ but if so 
the granite must be locally metamorphosed, 
for the cobbles of the conglomerate are massive 
and have suffered Uttle metamorphism. As 
previously stated, the material of the conglom- 
erate is lithologically similar to the granite of 
Annette Island and is supposedly from a stock 
of similar composition. 



The intrusives of Dall Bay and Seal Cove are 
granites and associated pegmatites or alaskites. 
These are composed essentially of quartz and 
orthoclase with a subordinate amount of mus- 
covite and secondary sericite. They range in 
texture from medium-grained holocrystalline 
rocks to fine-grained aphanitic and porphyritic 
phases. They are evidently the equivalent of 
similar rocks occurring at several places on 
Prince of Wales Island and other localities. 
Wherever the relations were observed the 
granite has been found to be later than the 
quartz diorite and associated intrusives of the 
Coast Range, and is probably Cretaceous. The 
granite and quartz diorite of Gravina Island 
have not been separated on the map. 

The intrusive rocks of Revillagigedo Island 
are quartz diorites and associated types and 
are to be correlated with the intrusives of the 
Coast Range. They occur as bat^oUthic 
masses cutting diagonally across the sedimen- 
tary formations. They are regarded as Middle 
or Upper Jurassic, as the conglomerates of 
Upper Jurassic or Cretaceous age contain 
many boulders of similar rock, which is lacking 
in the earUer conglomerates. 



TWO LAMPROPHYRE DIKES NEAR SANTAQUIN AND MOUNT NEBO, UTAH, 



ByG. F. LouGHLiN. 



INTRODUCTION. 

No description of lamprophyre dikes in Utah 
has heretofore been published/ and this paper 
is presented as an addition to the petrology of 
the State. The two dikes here described are 
on the west slope of the Wasatch Mountains, 
near Santaqiiin and Mount Nebo, and were 
noted by the writer in 1912, while he was en- 
gaged in a reconnaissance of the ore deposits of 
central Utah. 

LOCAL GEOLOGY. 
STSATIQ&APHT. 

The steep western front of the . Wasatch 
Mountains in the Santaquin and MoTint Nebo 
region exposes rocks of pre-Cambrian, Paleo- 
zoic, and Tertiary age, whose relations are 
complicated by overthrust and block faulting.' 
(See fig. 13.) 

The pre-Cambrian is represented by reddish 
gneissoid granite with pegmatite veins and 
included bodies of schist, exposed for 2 miles or 
more along the lower west slope of the main 
range southeast of Santaquin. This granite is 
overlain unconf ormably by Cambrian qtiartzite, 
dipping 28*^ E., which does not appear to be 
over 800 feet thick (aneroid measurement). 
The quartzite is prominent along the middle 
west slope east of Santaquin and about 5 miles 
northeast of Mona. It passes upward into 
Cambrian shale, which corresponds to the 
Ophir formation to the north and west, and 
this is followed by a great thickness of lime- 
stones, the lower beds of which are probably 

> B. S. Butler has informed the writM* that he has noted several biotlte 
lamprophyre dikes daring his recent detailed studies of the Cottonwood 
and Park City area in Utah. 

'Loughlin, 0. F., Reconnaissance In the southern Wasatch Moon- 
tains, Utah: Jour. QwOogy, yoI. 21, pp. 447-451, 1913. 



of Cambrian age and the higher beds certainly 
of Mississippian age. The upper Mississippian 
includes thin quartzite beds intercalated with 
limestone and shale. The limestones form the 
greater part of the range throughout the region, 
occupying most of the summit areas and upper 
western slopes and extending down to the west 
base of the range in the Mount Nebo trtining 
district northeast of Mona. 

The Tertiary rocks include coarse reddish 
conglomerate and concretionary limestone, 
which rest unconformably upon the Mississip- 
pian. They veneer the low ridges south and 
southwest of Santaquin and are very extensive 
on the east slope of the main range. These 
rocks are overlain by a coarse latite or ande- 
site breccia, most of whose outcrops have been 
reduced to abrogates of loose cobbles. 

DIKE BOCKS. 

The only intrusive rocks noted in the region 
are the lamprophyre dikes that form the sub- 
ject of this paper. The northern dike is south- 
east of Santaquin, on the Black Balsam claim. 
It cuts pre-Cambrian granite, is 3 feet thick, 
trends northeastward, and dips about 70° SE. 
It is closely paralleled for part of its course by 
a vein of calcite and fluorite which contains a 
little chalcopyrite, galena, and corresponding 
oxidation minerals. The southern dike is south 
of the mouth of Bear Canyon, northeast of 
Mona, on the property worked by the Eureka 
Leasing & Mining Co. in 1912. It cuts Missis- 
sippian limestone, is 4 feet wide, strikes N. 
45®-50° E., and has a vertical dip. 

There is no local evidence by which these 
dikes can be correlated with other igneous 
rocks. From their petrographic character, 
however, and their lack of deformation, it is 

101 



102 



SHOBTEB CONTEIBUTIONS TO GENEBAL GEOLOGY, 1918. 



assumed that they represent a late stage of the 
Tertiary volcanic period, which is weU repre- 
sented by latites or andesites on Long Ridge, 



by granodiorite and quartz diorite to the 
north in the Cottonwood-American Fork re- 
gion.' Lamprophyre dikes in the last-named 
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FioxTRB 13.~G«ologic map of the Santaquin and Mount Nebo region, Utah. M, prM^ambrian granite; €, Cambrian quartiite; Cm, Kiasissip- 
pian and earlier limestones; T, Tertiary conglomerate and yolcanic rocks; L, lamprophyre dikes. List of mines: 1, Union Chief; 2, Santaqoin 
Chief and Santaquin King; 3, Big Nebo; 4, Eva and Nebo Highland; 6, Spider; 6, Freddie Lode (Eoreka Leasing Co.). 



west of Mona; by rhyolites, latites, and mon- 
zonite farther west, in the Tintic district,* and 

1 Lindgren, Waldemar, and Looghlin, 0. F., Qeology and ore deposits 
of the Tintlo mining district, Utah: U. 8. Qeol. Surrey Prof. Paper 107, 
pp. 42-75 (in press). 



region, according to Butler, are the latest of the 
intrusive rocks. 

s Butler, B. 8., and Loughlin, O. F., A reoonnatssanoe of the Cott<Mi- 
wood-American Fork mining region, Utah: U. S. Qeol. Survey Bull. 620, 
pp. 174-177, 1916. 
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SmUCTUBS. 

The attitude of the strata is for the most 

• 

part homoclinal, with a prevaiUng dip of about 
30° E., but some folds with steep to vertical 
dips are prominent east and northeast of Mona. 

The most striking structural features of the 
region have -been produced by overthrust and 
block faulting. The overthrusts are exposed, 
though not very clearly, east and south of 
Santaquin, near the north and south ends of 
the pre-Cambrian granite area; also along the 
west base of the range about 5 miles northeast 
of Mona. At all these places Mississippian 
limestone is overridden by Cambrian quartzite. 
'The overthrust northeast of Mona clearly ante- 
dates the block faulting, as shown in figure 13. 
The relation of the overthrusts to local folding 
is not clear. They may be synchronous with 
or later than the folding, which elsewhere in 
Utah is assigned to post-Jurassic time but 
clearly antedates the intrusions of monzonite 
and related rocks with which ore deposits are 
genetically connected. The writer's investi- 
gations in the Cotton wood-American Fork * and 
West TRntic ' districts, however, have proved 
that the overthrusts in those districts are older 
than the igneous intrusions and any accom- 
panying deformations, which are probably of 
early Tertiary age, and he provisionally corre- 
lates the overthrusts in the Santaquin and 
Moimt Nebo region with those in the districts 
mentioned. 

The block faulting is marked by norma) 
faidts of northward and east-northeastward 
trends, most of which coincide in position with 
<^anyon8. These faults were formed by the 
disturbances that caused the main uplift of the 
Wasatch Mountains and the ranges of the 
Great Basin. They are later than the volcanic 
breccia and presmnably later than the two 
lamprophyre dikes and the ore deposits of the 
region, but there is no means of comparing the 
ago of the dikes with any local faulting. 

THE DIKES. 
MXOASCOFIC CHABACTXB. 

The rocks are dark gray to black, dense, and 
porphyritic. Biotite is the only conspicuous 

t LoaghUn, Q. F., op. dt., pp. 44(M43. Butler, B. S., and Loagfalin, 
O. F., A reooooaiasanoe of the Cottoowood-American Fork mining 
n'gioo, Utah: U. 8. Oeol. Surrey Boll. 690, pp. 178-179, 1916. 

* Butler, B. 8., and Loagfalin, Q. F., Ore deposits of Utah: U. 8. 
Oeol. Qaritj Prot Faper 111 (in press). 



megascopic mineral, forming irregular scales 
and tablets 3 millimeters or less in diameter. 
These phenocrysts constitute about 20 per cent 
of the rock and give it the characteristic luster 
of lamprophyre. Alteration products of oli- 
vine, consisting largely of calcite in small 
thinly scattered spots, are visible on close in- 
spection of the dike near Santaquin. The ap- 
plication of dilute hydrochloric acid produces 
brisk effervescence in both rocks. 

MICBOSCOPIC CHABACTXB. 
NORTHERN DIKE. 

The northern dike, as seen in thin section, 
consists of a prevailingly glassy groundmass 
crowded with phenocrysts of augite, biotite, 
olivine, and magnetite and minute crystals of 
apatite. Phenocrysts 0.5 to 1 millimeter in 
diameter constitute about 25 per cent of the 
rock. Feldspar is present only in the ground- 
mass. The feldspar and glass form less than 
50 per cent of the rock. Calcite, fibrous mono- 
clinic amphibole, and chalcedonic quartz are 
alteration products. 

Augite is the most abundant microscopic 
phenocryst, making up about 35 per cent of 
the rock. It forms typically twinned pris- 
matic automorphic grains. The main part has 
an extinction angle (rA6) between 45° and 
50°, whereas that of a narrow marginal zone is 
about 5° greater. These angles do not accord 
with Rosenbusch's statement' that the py- 
roxenes of lamprophyres are of the diopsidic 
varietv, and this is one characteristic in which 
the two dikes are exceptional. The augite is 
very free from alteration. 

Olivine in hypautomorphic crystab as much 
as 2 millimeters long originally formed about 
3 per cent of the rock. These crystals are now 
mostly altered to aggregates of calcite and a 
finely fibrous to platy monoclinic amphibole. 
A few crystals are replaced by serpentine and 
calcite. No secondary magnetite accompanies 
the alteration products. 

Biotite forms many irregular to automorphic 
brown grains and tablets, most of them less 
than 0.5 millimeter long but some more than 
1 millimeter. The larger phenocrysts have 
borders that are darker brown than the main 
part, a common feature in the biotite of lampro- 

• Rosenbusch, H., Elemente der Qesteinslehre, p. 233, 1006. 
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phyres. All the biotite is of distinctly later 
growth than augite and olivine. As a whole it 
is free from alteration, but a few of the larger 
phenocrysts contain a little caJcUe. 

Magnetite is present in fine grains, mostly of 
square outUne, thickly scattered throughout 
the section. It is for the most part of later 
growth than the three minerals just described. 
No inclusions of it are found in the augite or 
olivine except along their margins, and very 
few are found in the biotite. 

Apatite forms many small typical prisms. 
They appear to be mostly inclosed in biotite, 
but many in the groundmass may have been 
overlooked, owing to their close resemblance to 
the smallest augite crystals in transmitted 
light. No pyrite was identified m this section, 
although the chemical analysis signifies the 
presence of 0.24 per cent. 

Feldspar is present in places, forming a poiki- 
litic matrix for the minerals already described. 
It occurs in divei^nt or radiating aggregates, 
as shown by its extinction, but each aggregate 
appears to be a homogeneous crystal in other 
respects. Its mean index of refraction is a 
little above 1.52 and, together with the di- 
verging habit, suggests albite. The isotropic 
groundmass has an index of refraction a little 
above 1.51. In a few places it forms small 
rounded areas free from phenocrysts and re- 
sembling an isotropic mineral such as analcite; 
but in some of these areas incipient growths of 
feldspar are recognizable, and no gelatinization 
was obtained by evaporation with hydro- 
chloric acid. There is no sharp boundary 
between these roimded areas and the rest of 
the groimdmass. 

Chalcedonic quartz forms a few small irregu- 
lar aggregates in the groundmass and is closely 
associated with calcite. 

SOUTHERN DIKE. 

The southern dike, as seen in thin section, 
consists of phenocrysts of biotite, augite, 
apatite, and magnetite in a groundmass of 
feldspar which has a distinctly diverging or 
radiating habit. Alteration products are py- 
rite, calcite, chalcedonic quartz, chlorite, and 
hematite. 



In this rock biotite is more abundant than 
augite, constituting about 20 per cent of the 
section. It forms hypautomorphic crystals, 
the largest of which are not much over 1 milli- 
meter in diameter. Its pleochroism, as a 
whole, is from medium brown to white. The 
borders of the crystals are darker brown than 
the main part. The central parts of some crys- 
tals are olive-colored. Alteration products, 
which are very scarce, include calcite and 
chlorite. The biotite crystallized later than 
the augite. 

Augite forms hypautomorphic grains, none 
more than 1 millimeter long. The more 
prominent grains constitute about 5 per cent 
of the rock. Some grains show a little altera- 
tion to calcite, and some have fringes and vein- 
lets of a very finely fibrous mineral, probably 
amphibole. 

Apatite forms prominent though small typi- 
cal prisms, the largest 0.2 millimeter long. 
Magnetite is present only as fine grains of 
square outline, some of which are altered to 
hematite. 

The radiating feldspar which makes up the 
groundmass has a mean index of refraction a 
little above 1.52 and a large ax^al angle and is 
optically positive. These properties all indi- 
cate albite. No orthoclase was recognized. 
Little or no isotropic material is present in the 
groundmass. 

Pyrite forms a few irregufai grains as much 
as 0.3 millimeter in diameter, which may be 
impregnations of the groundmass rather than 
primary crystals. 

Calcite, besides impregnating augite and 
biotite, forms a few small round to irregular 
aggregates impregnating the groundmass. Some 
of these are accompanied by chalcedonic quartz 
and some by pyrite. 

CHEMICAL COMPOSITION. 

The chemical composition of the northern 
(Santaquin) dike is shown by the analysis in 
column 1 of the accompanying table, which 
includes also the most closely corresponding 
analyses given by Washington.* 

1 Washington, H. S., Chemical analyses of Igneous rocks: V. 8. Geol. 
Survey Prof. Paper 14, pp. 31M17, 1903. A second edition (Prof. Paper 
99) of this work has been issued since the completion of the pnsent 
paper. 



LAHPBOPHYBE DIKES KBAB 8ANTAQUIN AND MOUNT NEBO, UTAH. 



105 



Chemical analyses of lamprophyre from Santaquirif Utaht and rocks of similar composition. 
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* 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


SiO, 

AiA...r 

MgO 

CaO 

K,6 

H2O+— - 
HjO .... 


45.59 

12.02 

3. 84 

5.05 

7.09 

10.21 

1.82 

3.90 

3.59 

1.64 

1.91 

1.67 

None. 

1.33 

.16 

.20 

.16 

.13 

Notdet. 


45.47 
13.07 
6.72 
12.43 
2.80 
6.79 
2.04 
3.36 
6.06 


46.67 

12.64 
6.13 

10.17 
5.64 

11.48 
1.64 
2.31 
2.64 


48.36 
12. 42 
5.25 
2.48 
9.36 
8.65 
1.46 
3.97 
5.54 


51.68 
14.07 
4.71 
4.57 
7.72 
6.65 
2.45 
4.16 
2.09 


48.73 
11.92 
4.79 
4.56 
5.93 
9.24 
2.62 
2.47 
1.52 


52.09 

11.93 

1.84 

7.11 

12.48 

7.84 

2.04 

3.01 

.35 


48.66 
12.36 
3.08 
5.86 
8.09 
9.97 
2.71 
5.15 

} 1.46 


44.27 

10.73 

3.63 

5.87 

13.05 

10.80 

1.07 

4.43 

3.23 


46.47 
15.97 
5.97 
4.27 
5.87 
10.54 
1.69 
4.83 

2.32 


49.45 
14.41 
3.39 
5.01 
8.26 
6.73 
2.54 
4.69 

2.43 

.61 
1.23 
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15.26 
3.29 
5.54 
6.33 
5.73 
3.12 
2.79 

2.74 
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1.37 


1.33 
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.13 
.29 


.72 
Trace. 
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.36 

Trace. 


.34 
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.40 
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.48 
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.73 
.01 


1.12 
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gravity. 


100.31 
a 2. 755 


99.85 
2.331 


100.49 
2.703 


99.93 


100.03 


100.05 


100.24 
2.94 


100.00 


100.00 


100.00 


100.00 


100.00 
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a Apparent specific gravity. The apparent specific gravity of the southern (Moaa) dike is 2. 680. 

1. Albite minette, Black Balsam claim, Santaqnin, Utah. George Steiger, analyst. 

2, 3. Basalt, Aasab, near Massowa, Abyssinia. Ricciardi, L., Soc. geol. italiana Boll., vol. 5, p. 59, 1886. 

4. Absarokite, Clarks Fork, Yellowstone National Park. Iddings, J. P., Jour. Geology, vol. 3, p. 938, 1895; U. S. 
Geol. Survey Mon. 32, pt. 2, p. 329, 1899. 

5. Abearoldte, Two Ocean Pass, Yellowstone National Park. Iddings, J. P., U. S. Geol. Survey Mon. 32, pt. 2, 
p. 329, 1899. 

6. Kersantite, Big Horn Pass, Yellowstone National Park. Iddings, J. P., U. S. Geol. Survey Mon. 32, pt. 2, 
p. 70, 1899. 

7. KentaUenite, Glen Shira, Argyllshire, Scotland. Hill, J. B., and Kynaston, H., Geol. Soc. London Quart. 
Jour., vol. 56, p. 537, 1900. 

8. Average shonkinite. Daly, R. A., Am. Acad. Arts and Sci. Proc., vol. 45, p. 228, 1910. 

9. Average missourite. Daly, R. A., op. cit., p. 229. 

10. Average leucite basalt. Daly, R. A., op. cit., p. 229. 

11. Average minette. Daly, R. A., op. cit.^ p. 233. 

12. Average kersantite. Daly, R. A., op. cit., p. 233. 



The noteworthy features of this analysis are 
low SiO, and relatively high alkalies, with KjO 
in excess of NajO, which class the rock with 
alkaline varieties rather than normal basalt; 
also the high content of HjO, CO,, TiO,, and 
P3O5. The HjO-f is only in part accounted 
for by biotite and the fibrous amphibole to 
which olivine is altered, and the remainder is 
evidently present in the isotropic groimdmass, 
partly in small bubble inclusions and partly 
in solid solution. CO, is present in calcite, 
which was introduced either at the close of 
consolidation or somewhat later, at the time 
of ore deposition. The TiO, is definitely re- 
ferred to fine rutile needles in biotite and is 
doubtless present as a minor component of 



biotite, augite, and magnetite. The fact that 
the finely powdered rock is almost entirely 
picked up by a weak hand magnet is proof that 
little or no free ilmenite is present. The high 
P2O5 is attributable to abundant apatite, 
which is a characteristic feature of lam- 
prophyres and certain other rocks of similar 
chemical composition. 

Apparent discrepancies between the analysis 
and the mineral composition (mode) of the rock 
are the high CaO (about 6.5 per cent available 
for silicates), in contrast to the absence of 
calcic plagiodase, and the relatively high K^O, 
in contrast to the absence of recognizable 
orthoclase. In the calculation of the mode, 
however, the CaO is found to be just sufficient 
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very similar, as are his average analyses of 
missourite and leucite basalt.^ The similarity 
of the minettes of the Highwood Mountains 
to the shonkinites of the same region was 
pointed out by Pirsson.* The relatively low 
content of water, especially HjO -f , in shonki- 
nites may be attributed in part to its escape 
during relatively prolonged crystallization as 
well as to freedom from alteration. 

CORRELATION AND GENESIS. 

Minettes and kersantites are generally re- 
garded as mafic products, complementary to 
aphtes, of the differentiation of granitic and 
dioritic magmas and are found closely associ- 
ated with large intrusive masses of these rocks. 
The nearest mass of post-Cambrian granite or 
granodiorite to Santaquin andMona is about 35 
miles to the north, in the Cottonwood and 
American Fork TTimiTig region,' and the only 
other intrusive mass within an equal distance 
is the monzonite stock of the Tintic mining dis- 
trict, 18 miles to the west.^ The fact that the 
dike near Mona cuts Carboniferous limestone 
precludes correlation with the pre^ambrian 
granite of the Santaquin district. Correlation 
of the dikes with certain intrusive stocks is 
therefore impossible. As the Cottonwood and 
Tintic stocks, above mentioned, were intruded 
in Tertiary time, and as the extensive sheets of 
lavas in central Utah were erupted in Tertiary 
time, it is inferred that the two dikes also are 
of Tertiary age. 

The Volcanic breccia in the Santaquin^ district 
is of latitic or andesitic character, m are the 
greater part of the volcanic rocks to the west 
as far as the Tintic clistrict. The only rhyo- 
Utes of the region are closely related to the 
monzonite and latite of the Tintic district in 
both occurrence and composition. It seems 
probable, therefore, that the two minettes 
under discussion are genetically related to a 
monzonitic magma represented by the latite 
breccias and flows of the region. The norm of 
the Santaquin dike (p. 106) is monzonitic as 

1 Daly, R. A., op. cit., pp. 228, 229. 

s Pirsson, L. V., Petrography and geology of the igneous rocks of the 
nighwood Moantains, liont.: U.S. Oool. Survey. Bull. 237, pp. 145-146, 
1905. 

' Butler, B. S., and Loughlin, G. F., A reconnaissance of the Cotton- 
wood-American Fork mining region, Utah: U. S. Oeol. Survey Bull. 
020, pp. 17&-176, 1916. 

* Lindgren, Waldemar, and Loughlin, O. F., Geology and ore deposits 
of the Tintic mining district, Utah: U. S. Geol. Survey Prof. Paper 107, 
pp. 64-60 (in press). 



regards ratio of f eldspar, though high in femic 
minerals. 

The isolation of the Santaquin dike from 
other intrusive rocks prevents more than gen- 
eral speculation regarding its origin, which may 
be attributed, first, to a concentration of femic 
constituents and normative calcic plagioclase 
in a monzonite magma; second, to conditions 
that caused the crystallization of abundant 
biotite and aluminous augite instead of less 
aluminous mafic minerals and calcic plagioclase. 
It may be assumed, in accordance with Bowen's 
hypothesis,^ that at some stage in the period of 
monzonitic intrusions and eruptions parts of 
the magma imdergoing gravitative differentia- 
tion became enriched in alkalies, water, and 
other volatile constituents, which both in- 
creased fluidity and lowered the temperatures 
of crystallization. Further differentiation was 
thus promoted, and separation of the heavier 
constituents continued. These constituents 
may have been redissolved to some extent by 
sinking to a depth where the temperature was 
high enough, thus forming a basic submagma 
relatively high in alkalies and water. Whether 
or not this happened, final crystallization took 
place as follows: Olivine crystallized until the 
temperature became too low for it to exist in 
equilibrium with the n[iagma ; then, instead of 
hypersthene, diopside, and calcic plagioclase, 
the more complex mineral, augite, formed. 
Although augite contains very little water, the 
fact that it does not crystallize from dry fusions 
indicates that water and other volatile constitu- 
ents of the magma may have been the factors 
that determined its crystalUzation. The zonal 
character of the augite, showing an increase in 
content of alumina as it grew, is of interest in 
view of the absence of the anorthite molecide 
in the feldspar of the rock. At still lower tem- 
perature biotite, a hydrous mineral that prob- 
ably contains fluorine, crystallized, perhaps 
overlapping the period of later augite in the 
groimdmass to some extent. After the larger 
biotite crystals had nearly attained their 
growth, magnetite crystals begin to form, but 
the magma soUdified before they could attain 
any considerable size. 

The position of apatite in the order of crys- 
tallization is not so definite as that of any of the 

^ Bowen, N. L., The later stages of the evolution of the igneous rocks: 
Jour. Geology, supplement to vol. 23, No. 8, pp. 41-61, 1915. 
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other minerals, owing to the small size of its 
crystals. They are clearly older than the large 
biotite crystals but are not found inclosed in 
olivine or augite. 

Crystallization of feldspar, partial in the San- 
taquin dike and complete in the Mona dike, 
marked the final stage of consolidation. Con- 
siderable of the water and other volatile matter 
not entering into biotite was retained in the 
lock, either as minute fiuidal inclusions or dis- 
solved in the glass groundmass. The retention 
of water and other volatile matter may be an 
important factor in rendering lamprophyres 
especially subject to hydration and carbonati- 

28288*^—19 8 



zation. Olivine is evidently unstable in their 
presence, even at high temperatures. Other 
minerals or glass in equiUbrium with them at 
high temperatures are subject to attack by 
them at low temperatures, and the long time 
since consolidation, supplemented by dynamic 
disturbances that caused fracturing, would 
favor hydration and carbonatization. The 
presence of metalliferous deposits in contact 
with or close by the Santaquin and Mona dikes 
leaves the source of water and carbon dioxide 
in their alteration products in doubt, but the 
suggestion may be worthy of consideration in 
the study of other lamprophyres. 



RELATIONS OF LATE PALEOZOIC AND EARLY MESOZOIC FORMATIONS 
OF SOUTHWESTERN MONTANA AND ADJACENT PARTS OF WYOMING. 



By D. Dale Condit. 



SUMMARY OF CONCLUSIONS. 

The object of this paper is twofold — to pre- 
sent evidence found in southwestern Montana 
concerning the great Jurassic base-leveling and 
its bearing on the solution of certain sti%ti- 
graphic problems involving late Paleozoic, 
Triassic, and Jurassic formations, and to set 
forth the relations of those formations to beds 
in western Wyoming. The conclusions briefly 
summarized are as follows: 

Prior to the encroachment of the sea from 
the northwest in late Jurassic time prolonged 
erosion and base-leveling occurred over much 
of the Rocky Moimtain region. From the 
Idaho State line near Yellowstone National 
Park northward to the vicinity of Helena the 
erosion surface thus produced truncates beds 
of Triassic and Carboniferous age, through a 
stratigraphic range of about 1,000 feet. 

The Quadrant quartzite at the type locality 
in the northwestern part of Yellowstone Park 
is approximately equivalent to the Amsden 
and Tensleep formations in Wyoming. The 
Park City (Pennsylvanian and Permian), Din- 
woody (Lower Triassic), and Chugwater (largely 
Triassic) of the Wyoming section are in part 
represented by the Teton formation of Yellow- 
stone Park. The quartzitic cherty basal beds 
of the Teton, containing the phosphate rock, 
are equivalent to the Phosphoria formation of 
Idaho, which corresponds to the upper part of 
the Park City formation. In western Mon- 
tana north of latitude 45*^ 30' the overlying 
Triassic shaly limestone and red shale were re- 
moved by the Jurassic erosion and tHe Ellis 
formation (Upper Jurassic) rests on the partly 
eroded Phosphoria formation. 

FIELD WORK. 

The information set forth in this paper was 
obtained by the writer during the seasons of 
1913, 1915, and 1916. The first two years 



were spent in detailed mapping of the Permian 
phosphate beds along the northeast slope of the 
Wind River Moimtains and throughout the 
Owl Creek Mountains of Wyoming. A recon- 
naissance trip was also made on both the east 
and west slopes of the Big Horn Mountains. 
In 1916 a reconnaissance examination occupy- 
ing about three months was made in Montana 
from Helena south to Yellowstone Park and 
west to longitude 112°, and later in the same 
season a visit was made to exposures in the 
vicinity of Cody, Wyo. Nearly all the out- 
crops in Wyoming represented on the accom- 
panying map (PI. IX) except those near the 
Idaho State line were visited, and also prac- 
tically all those in the Montana area. 

FORMATIONS IN SOUTHWESTERN MONTANA 
DISCUSSED IN THIS PAPER. 

The Madison limestone, of Mississippian age, 
which ranges in thickness from 200 to 2,500 feet 
in different parts of Montana, Idaho, and Wyo- 
ming, forms an unmistakable unit throughout 
the region and a convenient datum in the study 
of the less constant higher beds. Its slightly 
uneven surface is in places capped by con- 
glomerate made up of pebbles of the Madison 
limestone in a sandy matrix. No generalized 
section of beds above the Madison that is repre- 
sentative of all of southwestern Montana can 
be made, and therefore each formation will be 
described briefly in turn and illustrated by 
stratigraphic sections measured at a number of 
locaUties. 

QUADRANT QUABTZITE. 

The term Quadrant was introduced by 
Peale^ to designate a formation consisting of 
150 feet of cherty limestones in the upper 
part and 200 feet of red limestones below, 
overlying the Madison limestone in the vicinity 

» Feale, A. C, U. S. Geol. Survey Bull. 110, pp. 39-43, pla. 1, 4, 1893. 

Ill 



112 



SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1918. 



of Three Forks, Mont. The names for the 
Paleozoic formations in the Three Forks area 
were stated by Peale * to have been determined 
''after consultation with the members of 
Mr. Arnold Hague's division/' The strata 
to which the name Quadrant was appUed 
were therefore doubtless correlated with the 
strata, mostly quartzitic sandstone, found on 
Quadrant Mountain, in the northwestern part 
of Yellowstone Park, for which Arnold Hague 
and W. H. Weed, who surveyed the park be- 
tween the years 1883 and 1893, had selected 
the name Quadrant quartzite. The publica- 
tion of the Yellowstone Park folio, with four 
geologic maps, was delayed until 1896. In 
1894, however, the name Quadrant quartzite 
was again used, by Weed,^ for the rocks 
overlying the Madison limestone and under- 
lying the Ellis formation in the Livingston 
quadrangle, Mont., which doubtless were re- 
garded as equivalent to the typical Quadrant 
quartzite of the Yellowstone Park. Since 
1896 the name has been extensively used for 
strata in many parts of western Montana 
supposed to be equivalent to those at the type 
locality. 

Peale did not give any description of the 
formation at the type locality, and the first 
published section of the rocks of Quadrant 
Mountain is that measured by Weed' and 
quoted on page 117 of this report. It will 
be noted that the overlying cherty quartzitic 
beds described as the Phosphoria (Permian) 
in this paper are included by Weed in the 
Teton formation. Although the Teton beds 
of the Yellowstone Park region are also present 
in the south third of the Three .Forks quad- 
rangle, they were mapped as a part of the EUis 
(Jurassic) in the Three Forks folio, except 
that the lower cherty quartzitic portion 
(Phosphoria) was considered a part of the 
imderlying Quadrant. The reference of the 
lower part of the Teton to the Quadrant has 
been followed in all the geologic folios pub- 
lished for areas in western Montana, including 
the Philipsburg.* Pardee,* however, in a 
recent report on the Philipsburg region, 

1 Idem, p. 14. 

« Weed, W. H., XJ. 8. Oeol. Survey Geol. Atlas, Livingston folio (No. 
1), 1894. 

* V. S. Oeol. Survey Mon. 32, pt. 2, p. 34, 1809. 

«U. S. Oeol. Survey Oeol. Atlas, Philipsburg folio (No. 196), 1915l 

* Pardee, J. T.,Tlie Garrison and Philipsburg phosphate fields, Mont.: 
U. S. Geol. Survey Bull. 640, pp. 20(V-2il, 1917. 



defines the limits of the Quadrant (?) and 
Phosphoria formations as applied in that 
area. 

There has been considerable uncertainty 
concerning the age of the Quadrant quartzite. 
Peale 's studies in the Three Forks quadrangle 
yielded fossils of Mississippian and Pennsyl- 
vanian age. Collections of fossils made years 
ago by Weed and others northeast of the Three 
Forks area were found to contain Mississippian 
forms, and more recent coUections northwest 
of the Three Forks area, within and near the 
Philipsburg quadrangle, have yielded Penn- 
sylvanian forms. Field work in 1916 showed 
thai the typical Quadrant in the Yellowstone 
Park, as described by" Weed in Monograph 32, 
included representatives of both the upper 
Mississippian and the Pennsylvanian. 

The Quadrant generally consists of three 
parts. The basal member is chiefly sandy 
red shale, slightly calcareous, containing few 
recognizable marine fossils. This red-shale 
member is only a few feet thick along the 
Idaho State line but thickens northward to 
about 150 feet near Bozeman. Over the red 
shale is more or less limestone and carbon- 
aceous shale, absent locally but present in 
widely separated localities and containing abun- 
dant fossils, which are believed by G. H. Girty 
probably to denote early Pennsylvanian age. 
At the west boundary of Yellowstone Park 
this limestone is less than 50 feet thick and 
sparingly fossiliferous, but it thickens west- 
ward to 250 feet in the Snowcrest Range, 
where it is rich in fossils. At Lombard, about 
75 miles northeast of the Snowcrest Range, 
it is nearly as prominent and equally fossil- 
iferous, but at intervening points it is generally 
thin and contains poorly preserved fossils. 
The limestone member is overlain by 100 to 
400 feet of quartzitic sandstone interbeddod 
with a less amount of sandy dolomitic lime- 
stone and thin layers of smooth-textured 
argillaceous limestone, more or less cherty and 
containing traces of poorly preserved fossils. 

The thickness of the Quadrant is in most 
places a little more than 300 feet, but from 
the Gravelly Mountains west to the Snow- 
crest Moimtains the thickness increases from 
about 500 to nearly 1,000 feet. The forma- 
tion also thickens northeastward from Lom- 
bard, a point on Missouri River about 35 miles 
northwest of Bozeman. 
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PHOSPHORIA rOSMATION. 

The Quadrant proper is overlain by 100 to 
250 feet of dark-gray cherty quartzite, layers 
and ropy masses of nodular chert and shale, 
with one or more beds of phosphate rock. The 
sequence is regarded as equivalent to part of 
the Park City formation of Utah and Wyoming, 
but more nearly equivalent to the Phosphoria 
formation of Idaho, as was recognized in 1913 
by Bichards * and later by Stone and Bonine,' 
in whose report the name was first published 
for those beds in Montana. Peale,' in mapping 
the geology of the Three Forks quadrangle, in- 
cluded the Phosphoria beds as a part of the 
Quadrant, and he has been followed by Calkins^ 
in mapping the Philipsburg quadrangle. Weed 
and others,* however, included these beds in 
the Teton formation of the Yellowstone Park 
region, which comprises beds ranging in age 
from late Pennsylvanian to Triassic, and 
forming three dissimilar hthologic units. The 
grouping is somewhat similar to that of the 
Elmbar formation of Wyoming, which includes 
Pennsylvanian and Permian hmestone and 
Triassic shale. 

The plane of contact between the Phosphoria 
and Quadrant proper is not easily drawn in all 
places, for the reason that there is no marked 
change in the lithology of the beds. The line 
of division is commonly marked by a few inches 
of conglomerate and a nonpersistent bed of 
phosphate rock, apparently of clastic origin. 
It is suspected that these beds denote an im- 
conformity. The overlying rock is dark-gray 
cherty quartzite with scattered phosphorite 
granules, differing chiefly in color from the purer 
quartzitic sandstone below, which is pinkish 
gray, cross-bedded, and intercalated with argil- 
laceous creamy limestone. 

The Phosphoria is notably siliceous, beiog 
either cherty or quartzitic almost throughout. 
In Yellowstone Park and to the west along and 
near the Idaho State line the irregular layer of 
phosphate rock at the base is made up of frag- 
ments of phosphatized shells of the brachiopod 

1 Kicbarda, R. W., unpabliahed manuscript. 

* Stone, R. W., and Bonine, C. A.,T]ie ElUston phosphate fleld, Mont.: 
U. 8. OeoL Survey Bull. 580, p. 375, 1914. 

* Peala, A. C, U. S. OeoL Survey Geol. Atlae, Three Forks foUo 
(No. M), 18B8. 

« Calldns, F. C, and Emmons, W. H., U. 8. Geol. Survey Geol. Atlas, 
FhiUpsburg folio (No. 196), m&. 

» Hague, Arnold, Iddinei, J. P., Weed, W. H., Waloott, C. D., Girty, 
0. H., Stanton, T. W., and Knowlton, F. H., Geology of the Yellowstone 
National Park: U. B. GeoL Survey Men. 32, pt. 2, 1899. 



LingnUdiscina utahensisy together with fossil 
bones. In some places the phosphatio material 
appears as a resinous brown substance, forming 
a cement for the quartz sandstone. At 30 to 
60 feet above the base of the Phosphoric occur 
other phosphatic beds consisting of one or 
more layers of gray to black ooUtic phosphorite 
and perhaps a few feet of dai*k shale overlain by 
chert either in thin wavy layers or as nodular 
masses mixed in an irregular manner with 
brownish quartzitic sandstone. At irregular 
intervals in the sandstone there are peculiar 
distorted cylindrical colunms of lighter-colored 
sandstone 1 to 4 inches in diameter, perpen- 
dicular, or nearly so, to the bedding planes. 
Both the shale and the phosphate beds are 
lacking a short distance northeast of a line 
drawn from Helena to the northwest comer of 
Yellowstone Park. The uppermost beds of the 
Phosphoria contain poorly preserved brachi- 
opod sheUs and fish bones, probably of Per- 



mian age. 



TETON FOSMATION. 



The Teton formation, as defined by Weed for 
Yellowstone Park, included the rocks now 
named Phosphoria formation, and the overly- 
ing Triassic brown shaly limestone and red 
sandy shale. The brown limestone is unmis- 
takably related to the Dinwoody formation of 
western Wyoming. This relation was suspected 
by Blackwelder,* who states that the lower part 
of the Teton formation is probably equivalent 
to the Embar of Wyoming. The overlying red 
shale is in part equivalent to the Chugwater 
formation of Wyoming and probably to the 
Thajmes limestone of Idaho. The part of the 
Teton beds overlying the Phosphoria is ap- 
proximately 800 feet thick along the Idaho 
State line west of Yellowstone Park, but as 
shown by figiu^ 14 this part was beveled by 
the Jurassic erosion and completely removed 
north of latitude 45"^ 30^ both west and east of 
Yellowstone Park. 

Fossils of Triassic age are plentiful in the 
shaly brown hmestone. No fossils were found 
in the red shales, but above them is locally a 
bed of richly fossiliferous hmestone which at 
one point along the Idaho State line south of 
Red Rock Lakes was found to contain a 
pleurotomarioid gastropod, possibly identical 

• Blackwelder, EUot, A reconnaissance of the phosphate deposits in 
western Wyoming: U. S. Geol. Survey BulL 470, p. 465, 1911. 
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with or closely resembling one that occurs id 
the Thaynes limestone in southeastern Idaho. 
The paleontologic and htholt^c evidence at 
hand does not warrant positive statements 
as to the relations of the upper part of the 
Teton to the Idaho or Wyoming sections. 
Kxcluaion from the Teton of the basal portion, 
equivalent to the Phosphoria formation, leaves 
the higher shaJy brown limestone and red 
beds of Triassic age to which the name 
Teton could be apphed, but this seems inad- 
visable for several reasons, one of which is that 
the name has not been used for areas outside 
of Yellowstone Park. It is therefore behaved 
that the use of the name Teton will be dis- 
continued when enough additional field work 
shall have been done both in Montana and 
southeastern Idaho to permit the proper appli- 
cation of formation names now in use in 
Id^o and Wyoming. 

ELLIS FORKATION. 

In late Jurassic time, subsequent to a long 
erosion interval during which there was more 
or less tilting of the strata, a subsidence brought 
in from the northwest an arm of the see 
which were deposited the sediments of the 
Ellis formation. The rocks consist of fossil- 
iferous greenish shale and limestone and a 
variable amount of rust-brown weathering 
sandstone and conglomerate. At Elkhom 
twining camp, near Helena, and for 70 miles 
to the south, the EUis beds rest on more or less 
disturbed strata of the Phosphoria formation 
but farther south the Ellis and Phosphoria 
are separated by Triassic shaly beds that 
thicken southward and constitute a portion of 
the Teton formation. The EUis beds are 
about 200 feet thick in Yellowstone Park but 
tliicken northward and northwestward to 
about 400 feet in the Livingston and Phihps- 
burg regions. It is suspected that the Ellis 
represents only the basal portion of the several 
thousand feet of the marine Jurassic beds in 
southeastern Idaho but corresponds dosely 
with the Sundance formation of Wyoming. 

KOOTENAI EOBHATION. 

Overlying the Ellis formation is a motley 
aggregation of beds consisting in great part of 
red and green shale with conglomeratic sand- 
stone and quartzite, and including near the 
top a limestone member crowded with gastro- 



3. These beds, which are wholly non- 
marine, lie between the marine Jurassic and 
marine Upper Cretaceous beds. On the baaia 



of hthology they are correlated with the 
Kootenai formation of the Fhilipsburg quad- 
rangle, which ia Lower Cretaceous, They 
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may possibly include the equivalent of the 
Morrison fonnation. The thickness of the 
Kootenai ranges from 1,000 to 1,500 feet. 

The most conspicuous beds of the Kootenai 
are the gray gastropod limestone and a bed 
of conglomeratic scmdstone in about the 
middle of the formation, the pebbles of which 
are dark chert. Both the beds are reported 
at many places in western Montana, in Yellow- 
stone Park, and in the adjacent coimtry in 
Wyoming. They form hogbacks projecting 
above the poorly exposed shaly red beds of 
the Kootenai and the dark shale of the over- 
lying Colorado formation. 

STRATIGRAPHIC DETAILS IN THE MONTANA 
AND YELLOWSTONE PARK AREA. 

[See PI. X.] 

JBF7XBSON BIVSB CAKTOir NEAR CARDWSLL. 

A few miles east of Cardwell, which is on 
Jefferson River near the mouth of Boulder 
River, the broad valley narrows to a sharp 
canyon just wide enough for the tracks of the 
two railroad lines between the river and steep 
cliffs. On the south side of the valley (locality 
1, PI. D^) are complete exposures of the 
Quadrant and Phosphoria formations, dipping 
steeply northwestward. Several faults intro- 
duce some doubt as to the total thickness, but 
the sequence of the beds is clear. A condensed 
section of the beds measured here follows: 

Section near Cardwell^ Mont. 

Ellis formation: FMt. 

Limeetone, sandy, impure, cross - bedded; 
weathers to rust-brown color; lower beds 

contain fossils 36+ 

Phosphoria formation: 

Quartzite, dark gray, containing a few quartz 
pebbles and bands of chert and a layer of 

travel-rounded chert pebbles at top 42 

Chert in thin shaly layers 6 

Phosphatic beds consisting of phosphate rock, 
limestone, sandstone, shale, and chert, mostly 

in thin beds 35 

Sandstone, dark gray, slightly dolomitic and 
cross - bedded, containing peculiar ropy 

masses and markings 29 

Quadrant quartzite: 

Quartzite, alternating with dolomitic limestone 
and thin chert layers; poorly preserved fossils 

in lower part 140 

Limestone, dolomitic and arenaceous, containing 
alternating thin layers of chocolate-brown shale 
and nodular chert; fossils fairly abimdant in lime- 
atone but poorly preserved 91 



Feet. 

Shale, brick-red 56 

Ck>nglomerate, with matrix of limestone containing 
rounded pebbles of chert, limestone, and sand- 
stone 4 

Shale, brick-red, alternating with shaly sandstone, 
with conglomerate made up of pebbles of Madison 
limestone resting on uneven surface of Madison 
limestone 80 

INDIAH CBXEX, MADISON VALLEY. 

Indian Creek joins Madison River from the 
east a few miles south of Cameron. Its 
branches drain a rugged area containing nu- 
merous alpine peaks in the heart of the Madison 
Range. From a densely timbered basin in the 
Mesozoic rocks the upper waters of the stream 
unite and flow westward through a sharp can- 
yon (PL XI, A) in pre^ambrian rocks bor- 
dered on the east by Paleozoic rocks that dip 
steeply northeastward. In sees. 20 and 21, T. 
8 S., R. 2 E., on the north canyon wall (local- 
ity 2, PI. IX), there are complete exposures of 
strata from the Madison limestone to the top of 
the Kootenai, stratigraphically nearly 2,000 
feet higher. A fault of large displacement cuts 
the lower Paleozoic strata at this point but 
does not affect the sequence of the higher 
strata. A condensed section of beds measured 
here is given below. 

Section on Indian Creek, Mont. 

Kootenai fonnation: Ft io. 

Limestone, gray, smooth textured, crowded 

with gastropods in basal portion 50 

Shale, ferruginous, with a few sandy layers 
and a layer of ocher-yellow blocky lime- 
stones, lavender-colored on fresh fracture. . 400 

Sandstone, quartzitic 38 

Shale, variegated red and brown 64 

Sandstone, coarse, with irregular conglomer- 
atic layer in the midst, the pebbles mostly 

dark chert 32 

Shale and clay with carbonaceous layers 49 

Sandstone, coarse, arkosic, with imdulating 

base 158 

Shale, yellowish gray, with sandy layers 59 

Shale, reddish, with sandy layers 109 

Ellis formation: 

Shale, bluish gray to green, with layers of im- 
pure limestone 98 

Sandstone, green, friable 14 

Limestone, granular, gray, rich in fossils 32 

Shale, greeidsh, weathering yellow 18 

Limestone, gray, sparingly fossiliferous 51 

Limestone, gray, shaly, richly fossiliferous. . . 88 . 

Shale,, calcareous, gray, fossiliferous 28 

Unconformity (?). 
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Ellifl fonnation — Continued. Ft. in. 

Basal member of EIUb or possibly equivalent 
of Nugget sandstone of western Wyo- 
ming: 
Shale, ocherous, sandy, gypseous in upper 89 

part 89 

Shale, calcareous, sandy 12 

Limestone, impure, sandy 13 

Sandstone, cross-bedded, yellowish, fri- 
able 42 

Unconformity. 
Triassic marine beds: 

Shale, sandy, grading downward into thin- 
bedded limestone that weathers sepia- 
brown, closely resembling the Dinwoody 
of Wyoming, containing Lingula n. sp. and 

other fossils 102 

Phosphoria formation: 

Sandstone, dark gray, containing irregular 
chert layers and columnar rods of lighter- 
colored sandstone. .1 65 

Chert in thin dark wavy layers 33 

Phosphatic beds: 

Phosphate rock, gray, coarsely oolitic 4 

Limestone, dark gray 10 

Shale 2 

Phosphate rock, black, oolitic, friable, 
with 2 inches of shale near middle; 
59.52 per cent tricalcimn phosphate. . 2 11 

Shale, carbonaceous 1 10 

Phosphate rock, impure, containing fish 

bones 4 

Sandstone, cherty 6 

Quartzite, dark gray 

Shale 

Limestone, sandy, containing phosphatized 
fossil fragments and travel-rounded chert 

pebbles 

Quadrant quartzite: 

Sandstone, quartzitic, gray, cross-bedded, 
not measured. 

There is some question as to the lower limit 
of the Ellis formation in the preceding section. 
It seems clear that the position of the great 
unconformity is at the base of the yellow sand- 
stone that rests on the Triassic marine beds, 
but the overlying shaly gypsiferous beds ap- 
parently represent continental sedimentation 
in Jurassic time prior to the encroachment of 
the Ellis Sea and if so would not appropriately 
be included in the Ellis. Possibly these gyp- 
siferous beds and the yellow sandstone repre- 
sent the Nugget sandstone of western Wyo- 
ming, as suggested in the diagram (fig. 14). 

SNOWCSEST MOtJNTAIHS. 

The Snowcrest Momitains are west of Ruby 
River, about 20 miles a little west of south 
from Virginia City. The highest peaks, more 
than 10,000 feet in elevation, are capped by 
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the resistant Quadrant quartzite. (See PI. 
XI, B.) The most interesting features of the 
stratigraphy of this range are the unusual 
thickness of the Quadrant formation as com- 
pared with its thickness in the section in the 
Gravelly Range, 10 miles to the east, and 
the prominent development of the dark, 
richly fossiliferous limestone in its lower por- 
tion. The following fossils were identified by 
G. H. Girty, who regards them as of early 
Pennsylvanian age: 

Lingula sp. 

Idngulidiscina sp. 

Schizophoria n. sp. 

Derbya robusta? 

Productus cora. 

Productus a£f. P. coloradoensis. 

Productus aff . coloradoensis var. 

Productus n. sp. 

Spirifer rockymontanus. 

Composita subtilita. 

Hustedia mormoni. 

The subjoined section shows all but the up- 
permost beds of the Quadrant as measured in 
sec. 26, T. 10 S., R. 4 W. OocaUty 3, PI. IX) : 

Section of Quadrant quartziU in Snowcrest Mountains j Mont. 

Feet. 

Limestone, dolomitic, with gray sandy layers 80 

Sandstone, quartzitic, gray, with two thin layers of 

brownish-mottled shale 207 

Limestone, cherty, dolomitic, with thin sandy layers. 29 
Sandstone, quartzitic, gray, with thin layer of black 
shale in upper part and interbedded layers of dolo- 
mitic and smooth-textured dark-gray limestone 247 

Limestone, dark gray, sparingly fossiliferous; several 

quartzite layers 55 

Quartzite, pinkish 3 

Limestone, dark gray, shaly to massive layers, with 
scattered brown to black chert nodules; fossils ex- 
tremely abundant, especially in shaly limestone 

(see list above) 253 

Rocks poorly exposed 50 

Sandstone, conglomeratic at base, possibly basal mem- 
ber of Quadrant formation; approximate thickness. 20 

Rocks not exposed 25 

Limestone of fissile shaly structure, rich in fossils. 
This is apparently a part of the Madison but repre- 
sents a phase not found elsewhere to the east or 
southeast. 

IDAHO-MONTANA STATS LINS OPPOSITE BSD 

BOCX LAKES. 

On the State line between Idaho and Mon- 
tana, in the Centennial Range south of the Red 
Rock Lakes (PI. XII), about 35 miles south- 
east of the locaUt J in the Snowcrest Mountains 
above described , the Quadrant formation 
proper is greatly reduced in thickness, being 
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probably no more than 200 feet thick, as com- 
pared with 900 feet in the Snowcrest locality. 
The upper sandy beds and underlying fossilif- 
erous limestone are present, however, and a 
fossil collection shows close relation with the 
f aima of the thick shaly limestone in the Snow- 
crest section. The red shale usually observed 
at the base of the Quadrant is absent, and 
there is only a few feet of ocherous sandy beds 
resting on the massive white saccharoidal Mad- 
ison limestone. 

The Phosphoria formation at this point re- 
sembles in Uthology the beds exposed on Indian 
Creek but contains in addition a valuable bed 
of phosphate rock at the base, nearly 4 feet 
thick and carrying 70 per cent of tricalcium 
phosphate. This bed, which is evidently of 
clastic origin, consists chiefly of fragments of 
phosphatized shells of the fossil Lingrdidiscina, 
At the base there is a few inches of quartz or 
chert conglomerate marking the lower limit of 
the Phosphoria formation. 

QUADBAKT MOtJNTAm, YXLLOWSTONE PABX. 

Quadrant Mountain, a prominent topo- 
graphic feature in the northwestern part of 
Yellowstone National Park, presents bold ex- 
posures of the quartzitic beds which have been 
named Quadrant quartzite, as explained on 
pages 1 1 1-1 12. Below is given part of a section 
measured by Weed ^ at the southeast end of 
the moimtain flocality 5, PL IX). The portion 
of the Teton assigned to the Phosphoria xmder 
the new classification is indicated. 

Section on Qtuidrani Mountain, YeUowttone National Park. 

[Measund by W. H. Weed.] 
Teton: Feet. 

Sandstone, red and orange-colored, coarsely 

granular; weathers in bloc^ 15 

Calcareous shale, dark BlateKX)lored, foasilif erous. 5 
Limestone, bright yellow, fissile, with platy 
debris, grading into yellow and red spotted cal- 
careous sandstones below 40 

Shales, light greenish drab, changing to red and 

grading into overlying beds 75 

Conglomerate of red and gray quartz pebbles in 

limestone matrix 10 

Cherty sandstone, the lower part without chert, 
is brown; slightly calcareous at base, becoming 

more so above [Phosphoria formation] 100 

Quadrant: 

Limestone, dense, white, weathering same color. . 10 

Sandstone and limestone in alternating bands 15 

Limestone, light gray and dense and pure 12 

lU. 8. GeoL Survey Mon. 32, pt. 2, p. 34, 1899. 



Quadrant — Continued. Feet. 

Quartzite, pure white, thin bedded; forms a per- 
sistent band along face of mountain 6 

Quartzite, more thickly bedded, white 65 

Limestone, very light gray, somewhat dense, con- 
taining very small fragments of light-colored 
chert 10 

Quartzite, white, calcareous, with intercalated 
bands of limestone carrying quartzite fragments 30 

Limestone, light gray, with angular fragments of 
sandstone 5 

Quartzite, white, weathering pink and rust color 
but appearing black when seen from a distance, 
owing to the growth of lichens upon it 130 

Limestone, light gray, dense 2 

Sandstone, well banded, white, saccharoidal 6 

Sandstone, very calcareous, saccharoidal, white 
and rust color 10 

Talus slope of sandstone blocks; also of cherty 
limestone 100 

Additional sections measured at several 
places on Quadrant Mountain during the pres- 
ent investigation are given below. The Phos- 
phoria exposures were found at the south end 
of The Pockety a pecuUar natural amphitheater 
cut into the plateau surface of the mountain 
top. Complete exposures of the Quadrant 
quartzite were foimd about 2 miles to the 
southwest, on the north face of Bannock Peak. 
(See PL XIII, A,) 

Detmled section of Quadrant and higher formationa on Quad- 
rant Mountain. 
Triassic beds: Ft. in. 

Limestone, gray, thin bedded; weathers 
sepia-brown; grades up into shaly, sandy 
yellowish beds overlain by red shale; 
Lingula n. sp. is plentiful in the limestone 60-1- 
Phosphoria formation: 

Sandstone, dark gray, with scattered chert 
nodules 15± 

Chert, in ropy masses and wavy layers, with 
irregular sandy layers in upper part 30 

Sandstone, dark gray, with cauda-galli mark- 
ings on bedding and scattered siliceous 
nodules and ropy masses; fishbones plen- 
tiful 9 

Phosphatic rock, gray, with green specks. ... 1 2 

Sandstone, dark gray, with markings; chert 
and fishbones similar to those in 9-foot 
sandstone above 23 

Quartzite, dark gray 16 

Phosphate rock, sandy, resinous; has brown 
appearance on fresh fracture; contains tng- 
menta oi LingvLlidiscina 3 2 

Quartzite, gray, phosphatic in upper part. . . 18 
Quadrant quartzite: 

Limestone, dolomitic, white, finely crystal- 
line 7 

Sandstone, gray, cross-bedded 16 

Limestone, dolomitic, white, finely crystal- 
line 23 
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Quadrant quartzite — Continued. i^t. fn. 

Sandstone, quartzitic, alternating with sandy 
dolomitic beds; poorly preserved fossils 

plentiful near base 350 

Shiede, red, sandy, slightly calcareous 11 

Sandstone, conglomeratic, yellow and red, 
resting on Madison limestone 18 

The beds above the Quadrant quartzite in 
this section constitute the Teton formation. 

FORMATIONS IN WEST-CENTRAL WYOMING. 

The sequence of late Paleozoic and early 
Mesozoic formations in west-central Wyoming 
is represented in the following table. Their 
probable equivalence with the section to the 
northwest in Yellowstone Park and Montana 
is indicated in Plate X. 



Feet. 



Late Paleozoic and early Mesozoic formaiioTU in west- 
central Wyoming. 

Sundance formation (Jurassic), limestone, green 
shale, and sandstone 200- 900 

Chugwater formation (Triassic), largely red 
sandy shale, with sandstone and more or less 
gypsum 800-1,400 

Din woody formation (Triassic), shaly brownish 
fossiliferous limestone 50- 200 

Park City formation (Pennian and Pennsyl- 
vanian), fossiliferous limestone and shales. . . 160- 225 

Tensleep sandstone (Pennsylvanian) 200- 500 

Amsden formation (Pennsylvanian and late 
Mississippian), sandstone, limestone, and 
shale 200- 300 

It has been shown by the writer ^ that 
although the Chugwater red beds are in lai^e 
part Triassic, the lower portion in the Big 
Horn Mountains and elsewhere in central 
Wyoming is of earUer Triassic, Permian, and 
Pennsylvanian age and was deposited con- 
temporaneously with the marine Triassic 
(Dinwoody) and Permian and Pennsylvanian 
(Park City) beds to the west. 

AMSDEN FOBMATIOir AKD TXNSLSEP 

SANDSTONE. 

The Amsden formation, which rests on the 
Madison limestone, is somewhat similar in 
lithology to the lower portion of the Quadrant 
quartzite of Montana, with which it is corre- 
lated, but at no place has it been found to 
contain richly fossiliferous beds, such as have 
been discovered in Montana. In the western 
part of the Wind River Mountains the Amsden 
consists of massive white sandstone at the 

1 Condit, D. D., Relations of the Embar and Chugwater formations in 
central Wyoming: U. 8. QeoL Survey Prof. Paper 98, pp. 363-270, 1916. 



base, overlain by interbedded gray to yellowish 
shale, sandstone, and thin beds of limestone. 
Some of the shale beds are deep red. 

The Tensleep consists almost entirely of 
sandstone, with a few interbedded dolomitic 
layers that locally contain marine fossils. The 
beds correspond so closely in position, thick- 
ness, and lithology with the upper portion of 
the Quadrant quartzite that there is no ques- 
tion as to their correlation. It is suggested also 
that the Tensleep may be in part equivalent 
to the Weber quartzite of southeastern Idaho 
and Utah. 

PABK CITT FOBMATION. 

Above the Tensleep sandstone in the Wind 
River Mountains is a sequence of prevailingly 
calcareous beds correlated by Blackwelder' 
with the Park City formation of Utah on the 
basis of paleontologic and lithologic evidence. 
The Park City beds, together with overlying 
calcareous brownish shaly beds of Triassic age, 
constitute the Embar formation of Darton,' 
who appUed this name to strata believed to 
be of *'Permo-Carboniferous" age, lying be- 
tween the Tensleep sandstone and Chugwater 
red beds at a locahty in the Owl Creek Moun- 
tains. This grouping into one formation of 
beds of Pennsylvanian, Permian, and Triassic 
age and of widely different lithology is com- 
parable to the grouping of the beds in the 
Teton formation of Yellowstone Park, and 
the only reason for retaining Embar as a for- 
mation name is its convenience as a term for 
use in areas where the Dinwoody and Park 
City can not be differentiated. 

The portion of the Embar formation equiva- 
lent to the Park City beds in the Wind River 
and Owl Creek mountains (see PI. XIII, B) 
consists largely of limestone with calcareous 
shale and nodular chert. The general se- 
quence is as follovrs: 

Oeruralized section of Park City formation in Wind River 
and Owl Creek mountains, Wyo. 

Siliceous greeniah limestone grading up into gray resist- 
ant limestone, with abundant fossils including Derbya, 
PseudomonotiSf LeiocUma, and Spiriferina pulchra. 

Nodular greenish phosphatic chert interbedded with 
many shale laminae. 

s Blackwelder, Eliot, Stratigraphy of the Wind River Moontaiisfl, 
Wye: U. 8. OeoL Bonrey Bull. (in preparation). 

s Darton, N. H., Geology of the Bighorn Monntalns: U. B. OeoL Bur- 
vey FroL Paper 51, p. 35, 1005. 
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Fliosphatic shale of septa-brown color, with one or more 
layers of oolitic phoflphate rock and phoflphatlc lime- 
stone at the base. 

Limestone with geodes, chert masses, and many fossils, 
among which are Productui nevodentM^ Leioclema, Spi- 
riferina pulchra, and Productus ruhhorridus. 

Argillaceous shaly limestone and sandy calcareous shale 
of yellowish color. 

Dolomitic gray fossiliferous limestone, resting with slight 
unconformity on the Tensleep sandstone. 

Paleontologic data recently presented by 
Branson * support the belief of Girty that the 
lower portion of the Park City beds is of Penn- 
sylvanian age. Branson's conclusions are the 
result of study of both vertebrate and inver- 
tebrate fossils. 

DINWOODT TOBMATION. 

The name Dinwoody formation has been 
adopted for the upper shaly portion of the 
Embar on the suggestion of Blackwelder, 
from Dinwoody Canyon, in the Wind River 
MoimtainSy where the formation, about 200 
feet thick, consists of pale-green to white clay 
and shaly limestone that weather brown and 
contain obscure pelecypod shells. The Park 
City and Dinwoody beds foimd at this lo- 
cality are described by Blackwelder in an un- 
published bulletin on the stratigraphy of the 
Wind River Mountains. The consensus of 
opinion of several observers is that the Din- 
woody beds are to be correlated with the Wood- 
side shale (Lower Triassic) of southeastern 
Idaho. The beds are lithologicaUy identical 
with strata in the middle portion of the series 
of beds in Yellowstone Park designated the 
Teton formation by Weed. 

A complete section of the Embar measured 
by Blackwelder' at Dinwoody Canyon is 
given below. 

Section in Dinwoody Canyon^ Wyo. 

Ft. in. 

Dinwoody formation: 

Pale-green to white clay, with local sandy 
and calcareous beds, overlain conformably 
by bright-red sandy shale of the Chugwater 
formation 190 

Oray shaly limestone, weathering brown 28 

Alternate calcareous and sandy shale and 
aigUlaceous sandstone in thin beds 12 

Dark aigillaceous limestone with shale part- 
ings containing many obscure pelecypod 
shells 10 

^ Branaon, B. B., Tlw low«r Embar of Wyoming and its fauna: Jour. 
Otology, VOL 24, pp. Q39-e64, 1916. 
* Blaekwieldcr, EUot, A reoonnaiaBanoe of the pboopbata dapodta in 
Wyoming: U. B. OaoL Surrey Bull. 470, pp. 470-477, 1911. 



Park City formation: rt. In. 

Grayish sandy shale, shaly limestone, and 
shaly sandstone, in alternate beds 75 

Masedve gray crystalline limestone with fossil 
Bryozoa and brachiopods 16 6 

Nodidar greenish-gray clay, greenish lime- 
stone, and chert; Spiriferina pulchra, HvM" 
tedia mukana^ Derbya sp., crinoids, and 
Bryozoa in abundance 6 

Alternating sepia-brown phosphatic and cal- 
careous shale and shaly limestone, with 
thin beds of chert near the top; abundant 
Productua nevadenaist near the base ... 35 6 

Brown shale and soft nodular black and gray 
phosphate rock interlaminated (30.5 per 
cent tricalcium phosphate) 1 8 

Dark greenish-gray oolitic and argillaceous 
phosphate rock (41 per cent phosphate) ... 1 

Gray to sepia-brown shale, full of oval nodules 
somewhat more calcareous; abundant j^ptn- 
/er, Productus t etc. (average 8.5 per cent 
phosphate) 12 5 

Hard greenish-brown phosphatic limestone, 
with glauconite grains (23.7 per cent phos- 
phate) 7 

Brown aigillaceous limestone and calcareous 
shale, nodular, as above; abundant Produc- 
tu$ nevadengisj P. cora, P. ivhhamdus, 
Spiriferina pulekra, Pugnax wfoA, Bryozoa, 
etc. (8 per cent phosphate) 6 

Dark-drab or brown fetid limestone in mas- 
sive beds; upper layers crowded with 
Bryozoa 21 

Green clay shale with thin beds of chert ^ 
and piaty gray limestone 43 

Gray speckled i^osphatic sandstone 1 

Earthy white sandstone 2 

Greenish-gray speckled phosphatic sand- 
stone containing LinguHdiunna utahen- 
sis, etc. (27.4 per cent tricalcium phos- 
phate) 2 2) 

Laght-gray earthy limestone 1 9) 

Dark-green shale 1 3) 

Pale-gray smoky dolomite with seams of 
black chert and pores full of black bitu- 
men 26 

White calcareous sandstone and conglom- 
erate of chert pebbles; lies with obscure 
unconformity upon the Tensleep sand- 
stone 1 7 

CHUGWATKB FORMATION. 

The Chugwater red beds, 800 to 1,450 feet 
thick in west-central Wyoming, present prob- 
lems in sedimentation that have engaged the 
attention of a number of workers who are not 
in agreement as to the origin of these beds. 
Among their striking features are the imi- 
formity in thickness and texture of individual 
members over wide areas; the prevalence of 
ripple marks on horizontal beds through much 
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of the formation; the absence of sun cracks 
and fossils of land animals except in the upper 
portion ; and the extensive occurrence of gypsum 
beds near the top. It is not the purpose of 
this paper to consider in detail the peculiari- 
ties of the Chugwater or the diflferent hypoth- 
eses concerning its origin. It is evident, how- 
ever, that mature conclusions can be reached 
only after a detailed study of the red beds 
throughout Wyoming and adjacent areas. 
The question of age alone illustrates this point. 
In western Wyoming the lowest red beds 
overlie marine fossil-bearing brown shales of 
Triassic age that are regarded by several 
observers as equivalent to the Lower Triassic 
Woodside shale of Idaho. Furthermore, it is 
suspected that the lower Chugwater beds of 
western Wyoming grade laterally into the 
marine Thaynes limestone of Idaho, which are 
of Lower Triassic age, or at least that they 
represent partial-time equivalents of these 
beds. 

A fossil collection made by Darton* in the Big 
Horn River canyon near Thermopolis, Wyo., 
is of interest in this connection. The fossils 
obtained in a limestone 150 feet below the top 
of the formation were found by G. H. Girty 
to include Natica Idia^ BakeweUia, Pleuro- 
phoruSf and Aviculipedeny undoubted marine 
types, constituting a fauna which is referred 
with considerable confidence to the Triassic. 
This occurrence is of additional interest as 
indicating the marine origin of a portion of 
the Chugwater, as contended by Branson.' 

In the Big Horn Mountains, in the central 
part of the State, the lowest red beds of the 
Chugwater have been shown by the writer* 
to be of late Pennsylvanian age. 

The age of the uppermost beds of the Chug- 
water formation is uncertain. Wherever pres- 
ent in Wyoming they are overlain by the Sun- 
dance formation, which is Upper Jurassic, but 
it is a question whether the deposition of the 
gypseous shale, cross-bedded sandstone, and 
nonmarine limestone characteristic of the upper 
part of the Chugwater may not have been 

1 Darton, N. H., Geology of the Bighorn Mountaixis: U. 8. Oeol. 
Survey Prof. Paper 51, p. 40, 1906. 

t Branson, E. B., Origin of the Red Beds of western Wyoming: Oeol. 
Boc. America Bull., vol. 26, pp. 217-230, 1915. 

* Condit, D. D., Relations of the Embar and Chugwater formations 
in central Wyoming: U. 8. Geol. Survey Prof. Paper 9ft, pp. 263-270, 
1916. 



largely contemporaneous with the early Juras- 
sic base-leveling so plainly recorded in the 
truncated beds to the north, in Montana. 

STTKDANCE FOBMATION. 

The Simdance formation of Wyoming is re- 
garded as the equivalent of the Ellis in Mon- 
tana, with which it agrees fairly well in lithol- 
ogy, thickness, and fossil content. The Sun- 
dance consists largely of greenish calcareous to 
sandy shale, with a resistant dark-gray lime- 
stone near the middle. Both the shale and the 
limestone are richly f ossilif erous, and the most 
characteristic species are Belemnites densu^, 
Gryphaea calceola, and stem segments of the 
crinoid Pentodrinus dsteriscus. 

RECORD OF JURASSIC BASE-LEVELING. 

The most striking evidence of prolonged 
erosion in Jurassic time is furnished by the 
contact of the late Jurassic marine beds (Ellis) 
with successively older formations as followed 
northward across Montana. This feature is 
graphically shown in figure 14. The substrata 
along the Idaho-Montana State line near Yel- 
lowstone Park are limestone or red beds of 
Triassic age, and successively lower formations 
appear northward to Ellkhom mining camp, 
about 20 miles south of Helena, where the sub- 
strata are beds probably 75 feet below the top 
of the Phosphoria formation. Fisher* has 
stated that in places in the Great Falls region, 
in northern Montana, the Ellis rests on the 
Madison limestone. 

Study of the erosion surface from place to 
place reveals the presence of peculiar yellowish 
earthy sandstone, ferruginous gypseous shale, 
and local limestone beds, all making up a mot- 
ley aggregate related neither to the overlying 
Ellis nor to the xmderlying formations. These 
heterogeneous materials constitute the sedi- 
mentary record of events that preceded or ac- 
companied the advance of the sea from the 
northwest in late Jurassic time. Their thick- 
ness, ranging from a few feet to little more than 
100 feet, is direct evidence of the slight reUef of 
the land surface, the inequalities of which were 
leveled to form the floor upon which the marine 
Ellis beds were deposited. 

4 Fisher, C. A., Geology of the Great Falls coal field, Mont.: U. 8. 
Oeol. Survey Bull. 356, p. 27, 1900. 
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The thickness of strata removed by Jurassic 
erosion in northern Montana may have been 
2,000 feet, if the Chugwater red beds once ex- 
tended over that area. The extent to which 
the Chugwater was eroded in Wyoming is not 
evident, but it seems probable that in the west- 
central part of the State, where the beds are 
1,400 feet thick, they remain almost intact, 
and that the upper portion, including the gyp- 
seous beds, may be in part a product of Jurassic 
sedimentation. 

The disposition of the great mass of material 
stripped from the northern area is a matter of 



speculation, but in the writer's opinion this 
erosion may have furnished the sediments of 
the shale and sandstone series of southeastern 
Idaho lying between the marine Lower Triassic 
(Thaynes limestone) and marine Upper Juras- 
sic (Twin Creek limestone). It is probable 
that in the meanwhile the Wyoming area, a 
low, nearly level plain, which w^ intermittently 
occupied by small bodies of water and in which 
neither erosion nor deposition of considerable 
magnitude occurred, furnished the conditions 
necessary for the formation of extensive but 
variable gypsum and limestone beds. 



NEW GRAPHIC METHOD FOR DETERMINING THE DEPTH AND THICK- 
NESS OF STRATA AND THE PROJECTION OF DIP. 



By Harold S. Palmer. 



INTRODUCTION. 

Geologists, both in the field and in the office, 
frequently encounter trigonometric problems 
the solution of which, though simple enough, 
is somewhat laborious by the use of trigono- 
metric and logarithmic tables. Charts, tables, 
and diagrams of various types for facilitating 
the computations have been published, and 
a new method may seem to be a superfluous 
addition to the literature. However, it is felt 
that the simplicity and accuracy of diagrams 



(Note. — Diagram I may be used not only 
for the problem above stated but also to 
obtain the difference in elevation between two 
points by omitting £ and letting D equal the 
difference in elevation, H the horizontal dis- 
tance, and A the vertical angle.) 

II. To find the thickness of a stratum, given 
the dip of the stratum, the horizontal distance 
across its outcrop at right angles to the strike, 
and the difference in elevation of the upper 
and lower boundaries of the stratum. There 
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FiouKX 15.— Biagrmm sbowlxig three cmm In comimUxig depth. 



such as are presented in this paper warrant the 
addition. The aUnement diagram is used to a 
very considerable extent by engineers, espe- 
cially mechanical engineers. The principle of 
the alinement diagram is explained herein, 
but rigorous demonstration is not attempted. 

Alinement diagrams are given for the follow- 
ing problems, which are numbered to agree 
with the numbering of the diagrams. The 
charts published herewith are suitable for use. 

I. To find the depth to a stratum, given the 
dip of the stratum, the horizontal distance 
from the outcrop, and the difference in eleva- 
tion between the outcrop and the point at 
which the depth is desired. (See fig. 15.) 
The formula is 



D = H tan A ± E. 



(1 



in which D = depth to stratum, H » horizontal 
distance from the outcrop, A « dip, E « differ- 
ence in elevation. 



are three cases, (^pending on the relation of the 
dip of the beds to the slope of the ground. 
(See fig. 16, a, 6, and c.) 

Case 1, where the ground is level. By in- 
spection of figure 16, a, it is seen that the 
formula is 

T«HsinA (2) 

in which T = thickness, H = horizontal distance 
from outcrop, and A = dip. 

Case 2, where the ground slopes opposite to 
the dip. In figure 16, 6, 



but 



Now 



or, as 



T=m-4-Z 
ni=H sin A 

Z = E cos A 

cos X = sin (90^ -X) 
Z-Esin(90^-A) 
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Therefore 



T=HsinA+Esin(90^-A) 



(3) 



in which T, H, and A have the same values as 
before, and E is the difference in elevation. 

Case 3, where the ground slopes with the 
dip. In figure 16, c, T == m — Z; making the same 
substitutions as in case 2, we find 



T = H sin A-E sin (90° -A) 



(4) 



in which T, H, A, and E have the same values 
as before. 




CL 





plane of a supposed structure section, is de- 
sired. C is the desired projection of A. B is 
the angle between the plane of the section and 
the strike of the beds, and angle PFS is a 
right angla The plane PFS is horizontal 
and the lines PQ, FG, and SR are normal to it 
and of equal length, so that the triangle QGR 
is also horizontal and is equal to PFS. 

Now, 

FS=PSsinB 

FS = FGcotA 

PS = PQcotC 

Therefore 

FG cot A = PQ cot C sin B 

FG«PQ 

cot A == cot C sin B 

and, as the tangent is the re- 
ciprocal of the cotangent, 

sinB 




o d 

FzouBE 16.— Diagram showing three cases In computing thickness. 



The above formula is strictly true only where 
the dip of the beds is greater than the slope of 
the groimd. (See fig. 16, d.) Where the 
dip is less than the slope the formula becomes 

T = E sin (90° -A) -H sin A (4a) 

The difference is algebraic and not arithmetic, 
so that the formula is practically workable for 
either subcase. 

III. Projection of dips — that is, to find the 
slope of the trace of an inclined plane upon a 
vertical plane oblique to the strika Consider 
figure 17, a, which is a plan or map; at A is an 
inclined plane the strike and dip of which are 
shown in the conventional way, and along 
S-P is a vertical plane upon which this dip is to 
be projected. B is the angle between the 
strike and the section plane. In figure 17, &, 
A is a dip whose projection on SPQR, the 



tan A tan C 

tanC = tanAsinB ..-(5) 

in which C = dip of the projected 
angle, A — dip of the bed, B = 
angle between strike and plane 
of section. 



USE OF THE AUNEMENT DIAGRAMS. 



The alinement diagram is worked in an 
extremely simple way. The points on the 
outer scales representing the given quantities 
are joined by a line, and the unknown quan- 
tity, or result, is read at the intersection with 
the middle scale. Interpolation between the 
values marked on the scales is effected just as 
on a slide rule. It is suggested that the edge 
of a draftsman's transparent triangle or a piece 
of slender black thread be used for projecting 
the cross line. 

USE OF THE DEPTH DIAGRAM. 

In using the depth diagram (PL XIV and 
problem I), find the point on the left-hand scale 
that represents the distance from the outcrop 
to the point at which the depth is desired, and 
join it to the point on the right-hand scale that 
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represents the dip of the beds. At the inter- 
section of the line determined by these points 
with the middle scale the depth may be read. 
The dotted line on Plate XIV shows the solu- 
tion when the distance is 600 feet and the dip 
20®. The depth to the stratum is found to be 
220 feet. 

The above rule holds only if the surface is 
level. If the point at which the depth is to be 
determined is higher than the outcrop, the 
difference in their elevation is added to the 
depth as read by the above-described method. 
If the outcrop is the higher of the two points, 
the difference of elevation is sub- 
tracted from the reading. 

The diagram may be used for 
the converse problem, namely, to 
find the dip of the bed when the 
depth and distance from the out- 
crop are given. In this case the 
given quantities are set on the 
middle and left scale, and the line 
joining them is produced till it 
cuts the right scale, at which the 
dip is read. Another converse 
problem arises when the distance 
from the outcrop is unknown but 
the dip and depth to the stratum 
are known. In this case known 
points on the right and middle 
scale are joined by a Une the extension of 
which gives the result at its intersection with 
the left scale. 

USE 07 THE THICKNESS DIAGRAM. 

In using the thickness diagram (PI. XV and 
problem II), find the point on the left scale 
that represents the width of the outcrop and 
join it to the point on the right scale that 
represents the dip of the beds. At the inter- 
section of the line determined by these points 
with the middle scale the thickness may be 
read. 

The above rule holds only if the surface is 
level. A correction must be added if the 
ground surface slopes in the opposite direction 
to the dip, and the same correction must be 
subtracted if the surface slope and the dip are 
in the same direction. This is the correction 
E sin (90*^- A) in formulas (3) and (4). Sub- 
tract the dip from 90® and find the corre- 
sponding point on the right scale. Join it to 

28288°— 19 ^9 



the point on the left scale that represents the 
difference in elevation of the higher and lower 
boundaries of the outcrop, and at the inter- 
section of the connecting line with the middle 
scale read the correction. The correction is 
added or subtracted as directed above. 

In Plate XV the broken line shows the first 
step in solving the problem when the hori- 
zontal width of the outcrop is 600 feet and the 
dip is 20°. The thickness is read on the middle 
scale as 206 feet. The dashed line shows the 
correction to be introduced if the difference in 
elevation between the two edges of the out- 




FiouRi 17.— DiagxBm for deriyatlon of formala for projected dip. 

6rop is 50 feet. As there is no 50-foot gradua- 
tion on the left scale, the decimal point is 
shifted to the right and the 500-foot gradua- 
tion is joined by a hne to the 70 ° mark on the 
left scale (90° - 20° = 70°). The reading is 470 
feet, but the decimal point must be shifted 
back, so the true correction is 4^ feet. Then 
if the bed dips ^4nto the hill" the thickness is 
2064-47 = 253 feet; if it dips '^with the hill'' 
the thickness is 206 - 47 « 159 feet. 

Like the depth diagram, the thickness dia- 
gram has converse uses, but they can be applied 
only when the ground surface is level. Thus 
if the width of the outcrop and thickness of the 
bed are known the dip can be computed, or if 
the dip and tliickness are known the width of 
outcrop can be computed. 

USE OF THE PROJECTION DUOSAM. 

In using the projection diagram (PI. XVI 
and problem III) find the point on the left 
scale that represents the dip and the point on 
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the right scale that represents the angle be- 
tween the strike and the plane upon which the 
dip is to be projected. Join these points by a 
line, and at its intersection with the middle 
scale read the projected dip. As this problem 
involves only one case there are no corrections 
to be added or subtracted. 

In Plate XVI the broken line shows the solu- 
tion of the problem of projecting a dip of 43^ 
upon a plane at an angle of 35° to the strike. 
TOie result, 28®, is read on the middle scale. 

As with the other diagrams, the converse 
problems may be solved. Thus, if the trace of 
a bed along a vertical plane and the angle be- 
tween the strike and the vertical plane are set 
on the riiiddle and right scales, respectively, 



good for only one formula, whereas the slide 
rule is apphcable to many formulas. 

Consider figure 18, a, in which db, cd, and ef 
are parallel lines cut by two secants, ace and 
hdf. From e and /drop two lines, eg and hf, 
perpendicular to db. By inspection of the 
diagrEim it is seen that 

This equation is equivalent to saying that 
the space cut off on the middle line is equal to 
half the sum of the soaces cut on the outer 
lines. 

Now, if, as in figure 18, 6, the outer lines are 
graduated evenly with equal divisions and the 
middle line is graduated with divisions half as 
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FiGtTBB 18. — Diagram showing three stages in derivation of principle of the alinement diagram. 
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the dip of the plane may be read on the left 
scale. Again, if the dip of a bed and the slope 
of its trace on a vertical plane are known, and 
these points are set on the left and middle 
scales, respectively, the angle between the 
strike and the vertical plane may be read on 
the right scale. 

PRINCIPLE OF THE ALINEMENT DIAGRAM. 

The alinement diagram is a device by means 
of which certain arithmetic processes (addi- 
tion, subtraction, multipHcation, division, invo- 
lution, and evolution) may be mechanically 
or graphically performed. It is similar in prin- 
ciple to the sUde rule in that by means of it 
distances proportional to numbers or to loga- 
rithms are mechanically added, subtracted, 
multipUed, or divided, but this work is done by 
a different mechanical process. It differs fur- 
ther from the slide rule in that each diagram is 



great, addition can be graphically performed. 
The bases of the three scales are put on the 
same level for convenience only. The secant 
line is taken so as to cut off six divisions on 
the left scale and eight on the right scale. It 
must, perforce, cut 14 divisions on the middle 
scale, and the addition of 6 and 8 is graphically 
accomplished. 

It will be remembered that logarithms are 
essentially exponents (to the base 10 in the 
common system), and that multiplication is 
accomplished by adding the logarithms. This 
is by the algebraic law 

a;"^'' = x('^+'») (6) 

which naay be verbally stated as follows: The 
multipUcation of powers of the same quantity 
is effected by using the sum of the exponents 
as the exponent for the product. 

Now, if the markings of the scales are not 
equidistant as in figure 18, &, but are laid off as 
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in figure 18, c, so that the distances from the 
base are proportional to the logarithms of 
numbers, we can in effect add logarithms. 
But this is equivalent to multiplying the 
numbers. In the figure the multiplication of 
4 and 5 is shown, the result being 20. In 
figtire 18, c, the distance on the outer scales 
proportional to a logarithmic difference equal 
to 1 is 2 inches; on the middle scale it is half 
as great, or 1 inch. 

The scales may be graduated in proportion 
to logarithms of trigonometric or other func- 
tions as well as in proportion to logarithms of 
numbers. It is therefore possible to manipu- 
late a variety of factors. 

Sometimes it is desirable to compress a scale, 
as for example a log. sin. scale in which the divi- 
sions between 1° and 20° come relatively far 
apart. In the charts here presented (Pis. XIV- 
XVI) the scales for logarithms of numbers were 
drawn with a modulus ^ of 10 inches. A log. 
sin. scale with a modulus of 10 inches would 
have to be 17.5 inches long in order to range 
from 1° to 90°. A log. tan. scale wotild have 
to be 35.2 inches long to range from 1° to 89°. 
When the moduli of the outer scales are not 
equal, the modulus of the middle scale is deter- 
mined by the following formula, in which Mg^ 
modulus of middle scale, M^ « modulus of right 
scale, and 1^== modulus of left scale: 






(7) 



At the same time, the middle scale must be 
shifted toward that outer scale which has the 
smaller modulus. The position of the middle 
scale is determined by the following equation, 
in which M^ and M, have the same values as 
before, Di = distance from middle scale to right 
scale, and D,^ distance from middle scale to 
left scale. 



(8) 



The principles imderlying this and the last 
equation may be deduced from figure 19. The 
principles of the diagram require that the mid- 
dle scale must be so placed and have such a 

1 The term "modulus" is used to mean the length on a soale propor- 
tiODAl to a unit dlfEerenoe of logarithms. For example, the outer scales 
in figure 18 are said to have a modulus of 2 inches because the distance 
from the point representing 1 to the point representing 10 is 2 inches. 
The logarithm of 1 is 0.000 and the logarithm of 10 i&l.OOO, and the differ- 
enoe between these logarithms is unity. 



modulus that any two Unes which intersect on 
one of the outer scales and cut oflf a distance 
on the middle scale equal to its modulus wlU 
also cut oS a distance on the third scale equal 
to its modulus. 

Let Ml, Mj, and M, be the moduli and Dj and 
D3 the distances of the outer scales from the 
middle scales. Assume the lettering as indi- 
cated. 




i'^iovRi 19.— Diagram for derivation of the interrelation of Mi, Ms, Mi, 

Di, and Ds. 

Then in the triangles ACG and AEF . 



and 



M3_ M, 
M3(D,+D,)=MA 



Similarly in the triangles FCG and FBA 



and 

Therefore 
and 



M3 M3 



M,D,-MA 
?-^«^ (0 e d 



) 



Taking this proportion by composition and 
transposing, we have 

M,+M,~Di+D, 
Now, in the triangles FCG and FBA 

Substituting from the previous equation, we 
have 

M, M, 

M,~Mi+M, 
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and solving for M^, we have 

The length of any scale may be determined 
by the following equation: 



L=M(logF,-logF,) 



(9) 



in which L=the length of the scale, M = its 
modulus, and F^ and F2 = the maximum and 

minimum values of the variable to be repre- 
sented on the scale. 

This may be explained by an example. 
Suppose it is desired to fit a log. tan. scale 
into a space about 12 inches long. Let Fj = 
tan 1°, and F^ = tan 89°. Then 

log F2=:log tan 1^ = 8.2419 



then 



log Fj = log tan 89° = 1 1 .758 1 



log Fi - log Fj^l 1.7581- 8.2419 « 3.5162 



and 



or 



L=M 3.5162 
L 



M« 



3.5162 



Substitute 12 for L: 



M = 12-^3.5162«3.41-h 

As an engineer's scale is used in drafting the 
scales and can be conveniently used only for 
moduli of 1, 1%, 2, 2.5, 3J^, or 5 inches or 
these lengths mul tipped by 10, we choose a 
modulus of 33^ inches, which is nearest to 
the inconvenient irrational decimal 3.41 +. 
Substitute 3^ for M and we find L = 3MX 
3.5162 = 11.72 inches. 

ACCURACY AND ADVANTAGES. 

The point may be raised that the calcula- 
tions made by these charts are not accurate, 
and in the strictest sense this is undoubtedly 
true. But there are two facts that should be 
borne in mind: (1) Measurements made by 



pacing or by a hand compass or clinometer are 
not accurate; (2) the surfaces with which the 
geologist deals are not true planes. Measure- 
ments of angles are seldom accurate within 1°, 
which is approximately equivalent to an error 
of 1 per cent, and pacing under the most fav- 
orable conditions can not be trusted closer 
than to 1 per cent. The undulations of fault 
or bedding planes will usually introduce an 
error of the same or greater magnitude. There- 
fore it is unsound logic to demand that the 
error in the calculations based upon such 
measurements be less than 1 per cent. If the 
chart is used with reasonable care, the error 
is somewhat less than 1 per cent and is there- 
fore negligible. Moreover, the use of the chart 
gives less opportunity for the introduction of 
gross errors, such as come from a mistake in 
midtiplication or in the addition of logarithms. 
The charts, therefore, have the following 
advantages over the other methods for solving 
these equations: 

1. They are more speedy. As a test of the 
speed of this method the writer used the first 
draft of the three charts for a series of test 
problems. The time required to solve the 
problems by means of the charts and by 
logarithms in the ordinary way was taken 
with a stop watch. It was foimd that the 
time with the charts ranged from one-sixth to 
one-fourth of that required by the logarithmic 
method. The test was fair to the logarithms, 
as the writer is reasonably proficient in their 
use. 

2. The chances of gross errors are eliminated. 
In the test mentioned in the preceding para- 
graph the correctness of the answers was 
checked, and a mean error of about 0.2 per 
cent was found, with a maximum of 0.7 per 
cent. One gross error of about 40 per cent 
was made in one of the logarithmic solutions 
and was first detcfbted by the check given by 
the chart solution. 

3. It is unnecessary to keep the formula in 
mind, as it is incorporated in the construction 
of the chart. 
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A CONTRIBUTION TO THE GEOLOGY OF NORTHEASTERN TEXAS AND 

SOUTHERN OKLAHOMA. 



By Lloyd William Stephenson. 



PURPOSE AND SCOPE OP THE PAPER 

The region in central and northeastern Texas 
and southern Oklahoma known as the Black 
and Grand prairies abounds in features of in- 
terest to physiographers, geologists, and pale- 
ontologists, and the pioneer investigators of 
this region must have experienced renewed 
satisfaction in each day's exploration. The 
reports of Joseph A. Taff, Robert T. Hill, and 
others, published chiefly under the auspices of 
State and Federal surveys, represent with ap- 
proximate accuracy at most places the general 
distribution of the outcrops of the formations 
in this region, and contain detailed descrip- 
tions of many sections that constitute a 
mine of useful information. The reader of the 
present paper is urged; therefore, to hold as 
most important the general excellence of the 
earlier reports of these authors and to relegate 
the inaccuracies and mistakes to which his 
attention will be called to the relatively imim- 
portant place in which they belong, remember- 
ing at the same time that a future generation 
of investigators may find our own shortcomings 
as great as those we now criticize. 

The present report treats of the area shown 
in Plate XVII, which includes Grayson, Fan- 
nin, Lamar, Delta, Hunt» and Collin counties, 
Tex., and the southern parts of Marshall and 
Bryan coimties, Okla. It is based on the re- 
sults of studies carried on during several brief 
field seasons between the years 1911 and 1917, 
inclusive. The results are by no means final, 
but enough facts have been obtained to justify 
their presentation to those who may be inter- 
ested in the geology of the region. The pur- 
pose of the paper is therefore to set forth the 
present state of knowledge in the areal map- 
ping, in the interpretation of structure, and in 
correlation, and to indicate certain mappable 
imits and structural features that have not 
heretofore been recognized. 



A comparison of Hill's geologic map pub- 
lished in 1901 ^ with the map accompanying the 
present paper reveals at once certain inaccu- 
racies in his representation of the areal distri- 
bution of the Cretaceous formations which 
require no further comment. Another striking 
feature of his map consists of the two great par- 
allel faiilts, the Cook Springs and Red River (or 
Preston) faults, which are shown as extending 
from Love and Marshall counties, southern 
Oklahoma, far to the southeast through Gray- 
son, Fannin, and other counties in Texas. 
Between the faiilts is an uplifted block repre- 
sented as bringing to the surface formations 
that ought normally to be far below the sur- 
face. The reported existence of these faults, 
although unverified, has been cited in explana- 
tion of certain structural phenomena even as 
far east as northern Louisiana and Vicksburg, 
Miss.' The Cook Springs fault was first de- 
scribed by Tafif » in 1893. In the light of the 
facts presented on subsequent pages the basis 
for the postulation of these faults in Texas 
disappears. 

In 1902 Taff * indicated the geographic con- 
tinuity of the Austin chalk and Annona chalk, 
which HUl failed to recognize, but he did not 
realize the magnitude of the upward trans- 
gression of the chalk across the geologic column 
from south to north and east. Gordon * in 
1911 mapped with approximate accuracy the 
distribution east of the ninety-sixth meridian of 
the major lithologic units below the Eocene, to 

1 Hill, R. T., Geography and geology of the Black and Grand prairies, 
Tex., with detailed descriptions of the Cretaceous formations and special 
reference to artesian waters: U. 8. Geol. Survey Twenty-first Ann, Rept., 
pt. 7, pi. 66, 1901. 

< Veatch, A. C, Geology and underground water resources of northern 
Louisiana and southern Arkansas: U. S. Geol. Survey Prof. Paper 46, 
p. 68, ig06. 

> Taff, J. A., Texas Geol. Survey Fourth Ann. Rept., pp. 297-288, 1893. 

* Taff, J. A., Chalk of southwestern Arkansas, with notes on its adapt- 
ability to the manufBcture of hydraulic cements: U. S. Geol. Survey 
Twenty-second Ann. Rept., pt. 3, pp. 698-700, 1002. 

* Gordon, C. H., Geology and underground waters of northeastern 
Texas: U. 8. Geol. Survey Water^upply Paper 276, pp. 21-25, pi. 1, 1911 . 
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and including the Blossom sand^ but he erred in 
correlating the Blossom sand with the Eagle Ford 
clay, and although he noted the geographic 
connection of the Annona chalk with the 
Austin he also failed to recognize the upward 
transgression of the chalk in its northeastward 
extension. 
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TOPOGRAPHY AND DRAINAGE. 

The area shown on Plate XVII lies near the 
northwestern border of the Gulf Coastal Plain 
in northeastern Texas and southern Oklahoma, 
and is a dissected coastal-plain upland ranging 
in altitude from about 530 feet in the southeast 
to 850 feet in places in the northwest. The 
highest points in the area are between Denison 
and Pottsboro, Grayson County, Tex., where 
several hills rise slightly more than 900 feet 
above sea level. Red River, which crosses the 
area from west to east in a sinuous course near 
the northern margin, has cut a broad valley 200 
to 300 feet below the general upland, the alti- 
tude of low-water level where the river enters 
the area being approximately 590 feet and 
where it leaves the area not quite 400 feet. A 
little less than the northern half of the area 
is drained by tributaries of Red River. In 
the east, south of the Red River valley, the 
drainage is carried by tributaries of Sid- 
phur River, which flows eastward and joins 
Red River in Louisiana. The southern and 
southwestern parts of the area are drained by 
numerous southward-flowing creeks belonging 
to the Trinity River system. 

The drainageways of the area present many 
good examples of consequent, subsequent, ob- 
sequent, and perhaps other classes of streams, 
a detailed description of which is outside the 
scope of this paper. Attention may be called, 
however, to the conspicuous development of 
small tributaries of South Sulphur River, itself 
a subsequent stream, which flow down the 
gentle southward-facing slope of the cuesta 
formed by the Pecan Gap chalk in Delta 
County and the northeastern part of Hunt 
County, and the similar tributaries of North 
Sulphur River, also a subsequent stream, 
which flow southward on the corresponding 
slope of the cuesta formed by the Annona 



tongue of the Austin chalk in southern Lamar 
and Fannin counties. (See p. 132 and PL 
XVII.) These are not consequent streams, as 
that term was originally defined, in that their 
courses are not determined in consequence of 
the original slope produced by the uplift of the 
area from beneath the sea, but rather in conse- 
quence of the southward slope of the chalk and 
clay formations down whose eroded surfaces 
they flow. With the exception of some of the 
smaller streams in the terraced area along Red 
River the drainage is almost completely ad- 
justed to the structure of the underlying Cre- 
taceous formations, and in general the area 
affords an excellent example of maturely ad- 
justed drainage on only partly consolidated, 
unequaUy resistant rocks of gentle monoclinal 
attitude. 

The area falls chiefly within the four physio- 
graphic divisions ^ commonly known as the 
Black Prairies, the Eastern Cross Timbers, the 
Grand Prairies, and the Western Cross Timbers. 
The boundaries separatiag these divisions are 
approximately coincident with the boundaries 
of underlying formations composed of unequally 
resistant rocks, but these boundaries are not 
everywhere sharply deflhed. Along Red River 
is a belt of alluvial terrace plains of Pleistocene 
age (see p. 132), which ranges in width from 2 
or 3 miles where the river enters the area, at 
the west, to 15 miles or more in the north- 
eastern part of the area and which may well be 
classed as a physiographic division distinct 
from each of the four just enumerated. 

The Black Prairies embrace chiefly the areas 
in Collin, Hunt, Delta, Lamar, Fannin, and 
Grayson counties underlain by the marine 
chalks, clays, and marls of the Gulf series. 
(See geologic map, PI. XVII.) Topographi- 
cally these areas are characterized in the main 
by nearly level to gently rolling surfaces, 
mei^iog near Red River and the larger creeks 
into hills of moderate relief and smoothly 
rounded slopes. Cuestas of low relief have 
been produced by the relatively resistant chalk 
members of the series as described on a sub- 
sequent page. 

The Eastern Cross Timbers include the re- 
latively narrow belt underlain by the Wood- 
bine sand of the Gulf series (see PI. XVII), 
which extends from the northwestern part of 

I Hill, R. T., U. S. Geol. Survey Twenty-first Ann. Rept., pt. 7, 
i pp. 65-76, pi. 10, 1901. 
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Fannin County west by north through Gray- 
son County to the vicinity of Gordon viDe and 
thence south along the western border of the 
area mapped. The belt is characterized by 
sandy hills of pronounced relief, supporting a 
growth of blackjack and post oak trees; a 
good example is afforded by the hills within 
several miles southwest and west of Denison, 
Grayson County. (See PI. XXVI.) As shown 
elsewhere in this report, however, the Wood- 
bine formation is irregularly bedded, and lo- 
cally considerable parts of it are composed of 
clay which has produced a gently rolling sur- 
face similar to that of the Black Prairies; such 
an area occurs along the central and southern 
parts of the belt of outcrop of this formation 
for a distance of several miles west-northwest 
from Pottsboro, Grayson County. 

The Grand Prairies include the area along 
the south limb of the Preston anticline in north- 
em Grayson County, Tex., and small areas along 
the north limb of the anticline in Marshall 
County, Okla., underlain by the limestones 
and shaly clays and marls of the Comanche 
series down to but not including the Trinity 
sand. (See geologic map, PL XVII, ) This 
belt resembles the Black Prairies in its gently 
rolling to moderately hilly aspect, but the in- 
durated layers of the Comanche series, includ- 
ing in ascending order those of the Goodland, 
Duck Creek, Fort Worth, *' Quarry," and Main 
Street limestones, tend to produce numerous 
small benches and low cuestas in the other- 
wise smooth to moderately rolling surface; 
these features are well exhibited in Grayson 
County in the northward-facing slope of the 
Red River valley, north of the belt of outcrop 
of the Woodbine sand. The belt of outcrop of 
the sandy strata of the Pawpaw member locally 
produces a narrow belt of timbered, sandy soil 
within the Grand Prairies, which resembles the 
Eastern Cross Timbers. 

The Western Cross Timbers are represented 
in this area chiefly by a narrow belt that marks 
the crest of the Preston anticline in southern 
Marshall County, Okla., west of Preston Bend 
of Red River, where the sandy strata of the 
Trinity sand come to the surface. Topographi- 
cally the area is hilly and similar to that of the 
Eastern Cross Timbers. 

The belt of alluvial terrace plains bordering 
Red River includes plains at several levels: 
(1) The present flood plain of Red River is 



narrow along that part of the river bordering 
Grayson County, Tex., but broadens out to 3 
or 4 miles in places along the northern border 
of Fannin and Lamar counties, Tex., and the 
southern border of Bryan County, Okla. (2) 
A well-defined river terrace 45 to 75 feet above 
low-water level of Red River is moderately 
extensive in places along the river valley; the 
village of Preston, in Preston Bend, in the 
northern part of Grayson County, is situated 
on an exceedingly flat portion of this plain, 4 
or 5 square miles in extent, and Woodville, 
about 2J miles north of Preston, in Marshall 
County, Okla., stands on a somewhat larger 
portion of the plain. (3) A terrace plain 140 
to 160 feet above water level is represented 
here and there in that part of the valley above 
the mouth of Washita River but occupies ex- 
tensive areas in the valley below that river ; in 
the southwestern part of Bryan County, Okla., 
the alluvial deposits of this terrace form a flat 
sandy plain 8 miles or more in width from 
north to south, and large areas of the plain oc- 
cur in the northern parts of Fannin and Lamar 
counties, Tex. (4) Remnants of surficial de- 
posits were observed at still higher altitudes at 
several places in the area and may represent 
one or more additional terraces. The alluvial 
deposits on these terrace plains effectually 
obscure the Cretaceous formations over many 
square miles in the Red River valley, rendering 
it difficult to determine the areal extent and 
structure of the formations. 

Minor features of the topography that have 
an important bearing on the areal mapping 
and the determination of the stratigraphy and 
structure are the ridges, benches, and stream 
bluffs produced by the more resistant strata of 
both the Comanche and Gulf series. Many of 
these features take the form of cuestas — that is, 
broad, low ridges of great linear extent that 
trend parallel to the strike of the rocks and 
present long, gentle slopes to the east, south- 
east, or south in the direction of the dip and 
short, steep slopes on the inland side, which 
marks the western edge of the outcrop of the 
harder ridge-forming strata. An example is 
the white rock escarpment of Hill,^ which 
marks the western and northern edge of the 
Austin chalk in Grayson and Collin counties 
and which makes a relatively steep descent 

» Hill, R. T., U. S. Oeol. Survey Twenty-flist Ann. Kept., pt. 7, p. 
68, 1901. 
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The Cretaceous deposits are divisible into 
two great series, a lower, the Comanche series, 
which appears at the surface about the flanks of 
the Preston anticline in the northwestern part 
of the area and has an estimated thickness of 
800 to 1,000 feet, and an upper, the Gulf series, 
which has an estimated thickness of at least 
3,000 feet and the outcrop of which covers con- 
siderably more than half the area. Each of 
these series is separable into subordinate divi- 
sions, which are discussed on subsequent 
pages. The Gulf series is unconformably over- 
lain by strata of Eocene age which appear at 



from a portion of the Coastal Plain upland 
that is underlain by the Austin chalk to a belt 
of the upland that lies 75 to 100 feet or more 
lower and is underlain by the softer Eagle 
Ford clay. Similar examples are the rela- 
tively steep slopes that mark the northern 
edges of the Annona tongue of the Austin 
chalk in Fannin and Lamar counties and of the 
Pecan Gap chalk in Delta, Fannin, Hunt, and 
Collin counties. (See geologic map, PL XVII.) 

GENERAL GEOLOGIC FEATURES. 

The area shown on the geologic map (PI. 
XVII) is underlain throughout its extent by I the southeast in a relatively small part of the 
strata of Cretaceous age, which rest upon a j area under discussion. (See PL XVII.) In 
buried, moderately smooth basement composed general the strike of the strata is parallel to the 
of ancient rocks. Just to the north, in the | inner margin of the Coastal Plain, and the dip 
Atoka and Tishomingo quadrangles, Okla., is coastward from this margin at rates ranging 
where the basement comes to the surface, it from 30 feet or less to 80 feet or more to the 
includes Paleozoic sedimentary rocks of Cam- i mile. A considerable departiure from the pre- 
brian, Silurian, Devonian, and Carboniferous vaiUng regularity in strike and dip occurs in 
age and pre-Paleozoic granites. The upper the northwestern and central parts of the area, 
siu*f ace of the basement rocks is believed to be a j in connection with the Preston anticline, de- 
peneplain formed by erosion prior to the de- ' scribed on pages 159, 160. A less pronounced 
position of the Cretaceous sediments upon it ; departure from the common monocUnal struc- 
and subsequently tilted slightly coastward. i ture is occasioned by the fold which produced 

The northern boundary of the Cretaceous j the Leonard-Celeste monoclinal noss, described 
deposits trends about due west 10 to 30 miles ! on page 161. 

north of Red River, and the western boundary j The Cretaceous deposits consist of sand, 
trends south by west through Montague, Wise, | shaly clay, calcareous shaly clay, limestone, 
and Parker counties, Tex. Both these bound- ; and chalk. With the exception of the Trinity 
daries are outside the area shown on Plate ' sand (p. 134) and the Woodbine sand (p. 145), 
XVII. The tilted peneplained surface of the ■ both of which were laid down in deltas and in 
basement rocks dips to the south from the marginal marine waters, all these deposits are 
northern boundary at rates estimated to range of typical marine origin. 

in different places from 50 to 70 feet or more to , The boundaries of the formations as indi- 
the mile, and to the southeast from the western i cated on Plate XVII are in part very much 
boundary at rates probably ranging from 40 to I generaUzed. Where they are established with 
50 feet to the mile. Within the area mapped i approximate accuracy for the scale of the map 
the basement rocks lie nearest to the surface | by the personal observations of the writer and 
beneath the crest of the Preston anticline, in his associates or by pubUshed evidence re- 
the southern part of Marshall County, Okla., I garded as sufficiently reUable, the boundaries 
and the nortiieA part of Grayson County, j are drawn as full lines. Elsewhere the bound- 
Tex., where their depth ranges from 350 .to 700 aries have been determined by general con- 
feet; they lie deepest in the southeastern part siderations or by using the imverified bound- 
of the area, where their depth is estimated as aries indicated on maps of Hill, Taff , and 
between 4,000 and 5,000 feet. , Gordon and are drawn as broken lines. The 

The basement rocks are separated from the \ geologic formations of the northeastern part of 
overlying Cretaceous deposits by an uncon- Fannin County and the northern part of Lamar 
formity representing a long interval of geo- i County are Uttle known, owing in part to an 
logic time, including at least the Triassic and extensive covering of Pleistocene alluvial ter- 
Jurassic periods and probably a considerable race deposits which largely conceal the Cre- 
part of the Lower Cretaceous epoch. taceous formations in a broad area bordering 
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Red River on the south, and in part to the in- 
adequacy of the field work that has been done 
in the area. The writer has not examined the 
boundary between the Woodbine and Eagle 
Ford formations anywhere in western Grayson 
and eastern Denton counties, nor the boundary 
between the Eagle Ford and Austin south of 
the Texas Pacific Railroad in Gravson and Col- 
lin counties. The position assigned to the Cre- 
taceous-Eocene contact in Hunt and Hopkins 
counties is based chiefly on the maps of Hill 
and Gordon. 

CRETACEOUS SYSTEM. 
COMANCHE 8EBIES. 

GENERAL CHARACTER. 

The Comanche series consists of sands, shaly 
clays, marls, and limestones having an esti- 
mated thickness in northeastern Texas of 800 
to 1,000 feet. The series has been subdivided 
in Texas in ascending order into the Trinity, 
Fredericksburg, and Washita groups, all of 
which are represented in the area treated in 
this paper. (See PL XVII.) In this area the 
series appears in surface exposures only in the 
northern part of Grayson County, Tex., and in 
an adjacent area north of Red River in the 
southern parts of Marshall and Bryan counties, 
Okla., where it has been brought to the surface 
by the uplift that produced the Preston anti- 
cline. (See p. 159.) Were it not for this anti- 
cline the series woiild lie buried beneath the 
Gulf series in the area mapped, with the possi- 
ble exception of its extreme northwestern cor- 
ner. Hill's classification of the Comanche se- 
ries in Grayson County is given in column C in 
Plate XVIII. 

The Comanche series is of Cretaceous age. 
Until recently the series has been regarded by 
American geologists as belonging to the Lower 
Cretaceous, but for a number of years certain 
Eiu*opean geologists, notably Douvill6,^ have 
regarded the series as in part Upper Creta- 
ceous. Berry and Knowlton ^ now correlate 
the Washita, the uppermost group of the series, 
unquestionably with the Cenomanian (Upper 
Cretaceous). Whatever may be the position 
of this series with respect to the standard Euro- 
pean section, it is reasonably certain that the 

' DouviU^. H., Sur que!ques nidistes azn^cains: Soc. f^l. France 
Bull., 3d ser., vol. 28, p. 218, 1900. 

> Berry, E. W., The Upper Cretaceous noras of the world: Maryland 
Oeol. Survey, Upp«r Cretaceous, pp. 222, 223, 191(k 



Comanche constitutes a closely related litho- 
logic and paleontologic series. 

TRINirY BAND. 

The Trinity group, which is represented in 
northeastern Texas chiefly by sand (the ''Ant- 
lers sand" of Hill), is the basal division of the 
Comanche series. According to well records 
this sand is 400 to 700 feet thick in the vicinity 
of Red River in Grayson County, Tex., and 
Marshall County, Okla. Taff, who studied it 
in the Tishomingo quadrangle, Okla., a few 
miles north of Grajrson County, states that the 
formation consists of fine, compact incoherent 
sand and scattered lentils of sandy clay, with a 
basal conglomerate a few feet to 50 feet thick, 
which in the western half of the quadrangle is 
cemented with chalky white lime.' Pebbly 
lenses occur in the sand in places. 

In the area under consideration the sand is at 
the surface in the axial portion of the Preston 
anticline, in an irregular belt having a maxi- 
mum width of 7 or 8 miles, extending from a 
point several miles southeast of Rock Bluff, 
on Red River, to the northwest corner of the 
area in Oklahoma, as shown on the geologic 
map (PI. XVII). Localities where the sand 
was examined are mentioned or briefly de- 
scribed below. 

At Rock Bluff, Red River, 2^ miles south of 
Preston or 8^ miles northwest of Denison, 
Grayson County, Tex. (see PI. XIX, A), near 
the axis of the Preston anticline, the upper 150 
feet of the Trinity is well exposed, as described 
in the following section: 

Section at Rock Bluffs Red River, Grayson County, Tex. 



[Altitude at top of section estimated to be 090 feet above sea leTd.] 
Frederickflbuig group (Groodland limestone): 



Hard massive limestone 



Feet. 
10 



Shaly clay, poorly exposed! Walnut s h a 1 y f 1 

Limestone J member I 2 

Trinity sand (*' Antlers sand" of HilV): 

Light-gray, mostly fine argillaceous irregularly 
bedded compact sand, with subordinate 
lenses of fine sandy clay and some pebbly 
lenses; in the lower 30 feet are interbedded 
lenses of purplish clay having a maximum 
observed thickness of 6 feet 150 
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In a bluff of Red River li miles above Rock 
Bluff, 1 J miles south by east of Preston, 30 feet 

> Taff. J. A., U. & Gtool. Survey Geol. Atlas, Tishomingo folio (Na 08), 
p. 0,1903b 
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of Trinity sand essentially like that just de- 
scribed is exposed beneath 30 feet of Pleis- 
tocene terrace alluvium. 

In the public road IJ miles west of Preston 
30 or 35 feet of Trinity sand outcrops in the 
steep westward-facing slope of the Red River 
valley, and the Goodland limestone^ forms a 
ledge at the crest of the hill, about 650 feet 
above sea level. Pebbly lenses were noted in 
the Trinity at this locality. 

At Henderson Feny on Red River, 4 miles 
west by south of Rock Bluff, the upper 40 feet 
of the Trinity is moderately well exposed and 
consists of fine to coarse gray and yellow sand 
with small mechanically included fragments of 
clay and slightly indurated sand. The sand is 
overlain by the Goodland limestone, including 
the Walnut member at its base, which is poorly 
exposed. 

Good exposures of the Trinity occur in the 
southern part of Marshall County, Okla., on the 
headwater branches of Sand Creek, 6 miles 
south by west of Kingston; in the valley of 
Buncombe Creek, 2} to 8 miles north by east of 
Willis Ferry; and in the valleys of Brier and 
House creeks, 3 to 8 miles north and northwest 
of Willis Ferry. 

The northwestemmost locality where the 
Trinity was examined by the writer is on the 
northeastward-facing slope of the Red River 
valley about a mile southeast of Orlena, in the 
extreme northwestern part of Grayson County, 
Tex. Here the Goodland limestone caps the 
hill, forming a rocky ledge at its crest at an 
altitude of about 750 feet, and 75 feet or more 
of the Trinity appears in the steep slope below 
the Goodland. 

South of the Red River region in Texas the 
middle portion of the Trinity becomes cal- 
careous, and south of Brazos River is separable 
according to Hill* in ascending order into the 
basement sands, 127 feet; the Glen Rose for- 
mation, chiefly Umestone, 315 feet; and the 
Paluxy sand, 190 feet. Still farther south, at 
Austin, the Paluxy sand is apparently repre- 
sented by limestone in the upper part of the 
Glen Rose, so that the Trinity is separable in 
ascending order into only two parts — the 
Travis Peak formation, consisting of conglom- 
erate, grit, sand, clay, and calcareous beds, 100 
feet; and the Glen Rose formation, chiefly 
limestone, 450 feet. (See PI. XVIII.) 

1 Hill, R. T., (7. 8. Qeol. Suryey Twenty-first Ann. Rept., pt. 7, pp. 
158-154, 171. 1901. 



FBEDERICKSBURQ OROt/F. 

OOODLAHD LZKS8T0NS (OrOLTmorO WAUHTT SHALT 

MZMBSR). 

The Trinity sand \s overlain by the Freder- 
icksburg group, which in northeastern Texas 
is represented by the Goodland limestone, only 
13 to 20 feet thick. The Goodland outcrops in 
a narrow area on the flanks of the Preston anti- 
cline, surrounding the area of outcrop of the 
Trinity sand (see PI. XVII), in northern Gray- 
son County, Tex., and in southern Marshall 
and Bryan counties, Okla. Along the south 
side of the anticline the Goodland dips south 
by west at rates ranging from 40 to 300 feet or 
more to the mile. The steepest known dip 
occurs about a mile and a half northeast of 
Pottsboro. (See structure contours, PL XVTI.) 

The basal 3 to 6 feet of the Goodland lime- 
stone consists of layers of persistent hard thin- 
bedded coquina-like limestone with interbedded 
thin layers of dark marly shale, which are in 
this paper called the Walnut shaly member. 
These beds were not recognized by Hill * in the 
type section at Goodland, in Choctaw County, 
Okla. He says : 

Proceeding westward along the ancient Ouachita shore 

line from Arkansas into Texas, the Exogyra texana beds 

(the Walnut clays and Gryphaea breccia) are missing untU 

I the escarpment is reached north of Marietta, in the Chicka* 

I saw Nation [Love County, Okla.], where they first appear, 

, thinly represented beneath the Goodland limestone. 

In 1894 » and again in 1901 * Hill restricted 
the term ''Goodland*' to the massive limestone 
between the underlying Walnut clay, which 
he regarded as forming the upper part of the 
"Antlers" (Trinity) sand, and the overlying 
Kiamichi clay. In the Atoka folio ^ and again 
in the Tishomingo folio,* Taff included the 
Walnut clay in the Goodland, and this usage 
has subsequently been followed by Taff and 
other authors. Although the United States 
Geological Survey has adopted TafT's usage ot 
Goodland, the present writer is of the opinion 

I that future investigations will demonstrate the 
appropriateness of restricting the application 

' of the name to the massive limestone above 
the interbedded shaly clay and coquina-like 
limestone, here called Walnut shaly member, 
in accordance with Hill's original usage. 

* Geol. Soc. America Bull., vol. 2, pp. 502-514. IWl. 

* QwA. Boo. America Bull., vol. 5, pp. 303, 304, 1894. 
« U. S. Oeol. Survey Twenty-first Aon. Rept., pt. 7, pp. 216-222, 190L 

• U. S. Geol. Survey Geol. Atlas, Atoka folio (No. 79). 1903. 

• Idem, Tishomingo foUo (No. 98), 1903. 
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Southward from Grayson and Cooke counties 
in Texas the Wahiut member becomes thicker, 
and in Tarrant and Johnson coimties it assumes 
the importance of a formation rather than a 
member; here it consists of alternating hard 
and soft thin-bedded Umestone and marl and 
reaches a maximum thickness of 140 or 150 
feet. Still farther south, in Hood and Somer- 
vell counties, the thickness again decreases to 
approximately 90 feet, and in the vicinity of 
Austin, Travis County, it is only 15 feet. 
(See PL XVIII.) The type locality of the 
Walnut member is at Walnut (or Walnut 
Springs), in 'Bosque County. 

Above the Walnut member the (joodland 
consists of 10 to 15 feet of hard massive persis- 
tent limestone, which weathers white. This 
hmestone forms conspicuous outcrops and is 
therefore a valuable key rock in determining 
structure from surface exposures. It is easily 
recognizable in well borings, its position so 
closely above the Trinity sand preventing its 
confusion with other hmestones in the overly- 
ing Washita group. As a rule, the drillers do 
not differentiate the few feet of limestone and 
marl of the Walnut member at the base of the 
Goodland limestone. Characteristic fossils of 
the Goodland Umestone are Gryphaea marcoui 
Hill and Vaughan, Exogyra texana Roemer, 
Remondia robbinsi (White), Cerithium hos- 
quense Shumard, and Schloenbachia acutocari- 
naia (Shumard). The importance of the 
Goodland as a key rock warrants a fairly full 
description of its occurrence about the flanks 
of the Preston anticline. 

One of the easternmost outcrops of the 
Goodland near the crest of the Preston anti- 
cline, is in the banks of a small creek entering 
Shawnee Creek just below the pumping station 
at the city lake, 4 miles northwest of Denison. 
The creek near its mouth is intrenched in the 
limestone to a depth of 6 to 7 feet, and the 
limestone is overlain by a few feet of alluvium. 
Upstream the top of the limestone gradually 
becomes lower with respect to water level, and 
within a few himdred yards it passes beneath 
the bed of the creek. At Bears Ferry, Red 
River, 1^ miles north by east of the city lake, 
the top of the Kiamichi formation is about 25 
feet above water level, showing that the Good- 
land is here 15 or 20 feet below water level. 
Within a mile west of Bears Ferry the Good- 
land rises above water level and forms a grad- 



ually rising ledge in the northward-facing slope 
of the Red River valley westward to Rock 
Bluff, where the base of the limestone lies a 
little more than 150 feet above the river. 
The section at Rock Bluff is described on 
page 134. 

West of Rock Bluff the Groodland appears in 
both slopes of the Little Mineral Creek valley, 
but its southward dip carries it below the sur^ 
face in the bed of the creek at a point a{>- 
proximately 4^ miles north of Pottsboro. A 
fine exposiu*e of the limestone is afforded by a 
bluff on this creek 4^ miles north of Pottsboro. 
(See PL XIX, B.) 

Section on Little Mineral Creek 4\ miles north of Pottsboro, 

Grayson County^ Tex, 

[Altitude at top of SGction estimated to be 615 feet above sea level.] 



Soil 

Fredericksburg group (Goodland limestone): 

Massive limestone 

Walnut shaly member: Hard thin-bedded 
coquina-like limestone containing Ostrea sub* 
ovata Shumard, GrypJuua marcoui Hill and 
Vaughan, Trigonia sp., and Arvomia sp., 
with interbedded thin layers of dark marly 
shale 



Feet. 
2 

13 



6 



21 

Both the massive limestone and the imder- 
lying Walnut shaly member are well exposed 
in a branch in the eastward-facing slope of 
Little Mineral Creek, 6 miles north of Potts- 
boro (3 miles north of Fink), where a thin 
earthy calcareous layer in which cone-in-cone 
structure was well developed was noted about 
a foot below the top of the Walnut member. 
On the divide between Little Mineral Creek and 
Red River the Goodland extends northward to 
a point 7 miles north of Pottsboro, where the 
altitude of its top is about 720 feet above sea 
level. The limestone here lacks less than 2 
miles of closing to the north over the crest of 
the Preston anticline, its absence in this i^ter- 
val being due to erosion which has removed 
the Goodland from the imderlying Trinity. 
(See p. 137 and PL XVII.) 

At Henderson Ferry, Red River, 6J miles 
north by west of Pottsboro, the base of the 
Goodland is only 35 or 40 feet above water 
level, and upstream from the ferry, within an 
estimated distance of 1 or 2 miles, it finally 
comes down to water level and crosses into 
Oklahoma beneath the Pleistocene and Recent 
alluvial deposits of the Red River valley. 



u. s. esOLOOiCAir smtTKT frofesbiohal fapbr no plate xix 



A. TRIMTY SAND AND LOOSE SLABS OF GOODLAND LIMESTONE AT BOCK BLUFF (OLD 

MARSHALL BLUFF) ON BED RIVER. BJi MILF3 NORTHWEST OF DENISON. GRAYSON COUNTY, 

TEX. 

Tbs upper ISO fast oTtlHTriaitTiBaiinaed in tha blaff. The GoodUnd linualooe. wbicb imoiediiilzlr ovsrlisa 

thaTriqitrifoniBaledgAalcjas the crest of Uwblnff.tuul large mauea of rockft broken from it hare Tallea don 

the iliipe, giving riaa to the name Rock Bluff. 
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Northwest of Henderson Ferry, in Marshall 
County, the southward-dipping Umestone apn 
pears in the valley slopes of the southward- 
flowing creeks tributary to Red River and was 
especially noted along two small creeks respec- 
tively 3 and 3^ miles east of Wilhs Ferry. 
Nortii of Willis Ferry the Goodland crops out 
in both the east and west slopes of the ridge 
separating Buncombe and Brier creeks, and 
its continuity is interrupted at only one place 
on the crciit of the ric^e, where it has been 
eroded away. At a point estimated to be 
about 3i miles west by north of WiUis Ferry 
the Goodland again crosses Red River into 
Grayson County, Tex., where, gradually rising 
to the northwest in the northeastward-facing 
slope of the river valley, it finally forms the 
crest of the hill overlooking the valley about 
a mile southeast of Orlena. The Trinity sand 
appears in the slopes of this hill below the 
Goodland. 

On the north limb of the Preston anticline 
the Goodland crops out in the valley of Rock 
Creek south of Kingston, in Marshall County, 
Okla., and is especially well exposed in a 
branch about 3J miles south by west of Kings- 
ton. The section here shows the up^^er mas- 
sive limestone, underlain by the Walnut shaly 
member, and this in turn by the Trinity sand. 
Down the valley of Rock Creek from this 
locality the limestone appears in the south- 
westward-facing slope, gradually descending 
toward water level until, in the vicinity of the 
big bend a mile or two west of Woodville, it 
crosses the Red River valley l)eneath the 
Pleistocene and Recent alluvial deposits and 
reappears on the Texas side of the river in the 
jiilla in the northern part of Preston Bend, 
Grayson County. A good exposure of the 
Umestone was noted in the public road on the 
westward-facing slope of the Red River valley 
1^ miles west of Preston, where it is underlain 
by 30 or 35 feet of Trinity sand that outcrops 
in the slope below the limestone. This locality 
» is less than 2 miles north of the northernmost 
occurrence of the limestone in the south hmb 
of the antichne on the divide between Little 
Mineral Creek and Red River. (See p. 136.) 
The limestone here and in other outcrops in 
this vicinity dips to the northeast at an angle 
sufl^cient to carry it 40 or 50 feet below water 
level at Thomson Ferry, a mile north of Pres- 
ton, Tex. 



East of Preston the Goodland again crosses 
the Red River valley beneath alluvial deposits, 
and although not traced in detail it was exam- 
ined in an outcrop at the foot of a terrace 
scarp at the edge of the Red River bottom 
about half a mile north of Bears Ferry, in 
Bryan County, Okla. Here the top of the 
limestone is 30 or 35 feet above water level. 

South of Red River in Cooke County, Tex., 
the Goodland gradually increases in thickness. 
It is regarded as the time equivalent of the 
Walnut clay, and of the Comanche Peak and 
Edwards hmestones of central Texas, which 
south of the Brazos River valley have a com- 
bined thickness of over 250 feet; still farther 
south the Edwards continues to thicken, being 
300 fe^t thick in the vicinity of Austin, Travis 
County (see PI. XVIII), and 520 feet thick 
in Uvalde Coimty, whereas the Walnut and 
Comanche Peak become thinner, the former 
being only 15 feet and the latter 40 feet thick 
in the vicinity of Austin. 

WASHrrA GROUP. 
UTHOLOOT AND SX7BDXVISZ0HS. 

'^he Wf shita group consis s chiefly of marine 
shaly claj^, marl, and interbedded subordinate 
limestone, having a total estimated thickness in 
northern Grayson County of 415 feet; toward 
the top there is a sandy member, the Pawpaw 
(see p. 142), which is the only conspicuous ex- 
ception to the nonsandy character of the group 
in this area. The Umestone, though subordi- 
nate in thickness to the clay and marl, forms 
several definite bands that have individual 
physical characteristics and contain index 
fossils which render them readily traceable 
throughout the area; they have also been 
approximately correlated by means of the fos- 
sils with beds of corresponding age in central 
and southwestern Texas. The limestones are 
therefore valuable key beds in determining the 
geologic structure of the deposits. 

The group has been subdivided by Hill^ and 
TaflF.' Although HilPs nomenclatural treat- 
ment is not in all respects precise and consistent, 
the succession of beds described by him has been 
substantially verified. He recognized the fol- 
lowing divisions, named in ascending order 
(see PI. XVIII): (a) The Preston beds, sub- 

1 U. S. Oeol. Snrvey Twenty-first Ann. Rept., pt. 7, pp. 240-292,1001. 
* U. 8. Geol. Survey Qeoi Atlas, Atoka foUo (No. 79), 1902; Tisho- 
oUngofolio (No. 98). 1903. 
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divided into the Eaamitia clay, thickness 40 
feet; which rests upon the Goodland Umestone, 
and the Duck Creek formation (clay, marl, 
and Umestone), thickness 100 feet; (jb) the 
Fort Worth Umestone, thickness 35 feet; (c) 
the Denison beds, subdivided into (1) the 
Denton subgroup, thickness 45 feet; (2) the 
Weno subgroup, including the Marietta or 
Weno formation, thickness 115 feet; the 
Quarry Umestone, thickness 2 feet; and the 
Pawpaw beds, thickness 45 feet; and (3) the 
Pottsboro subgroup, including the Main Street 
Umestone, thickness 8 feet; and the Grayson 
marl, thickness 25 feet. 

The divisions recognized by Taff in the 
Tishomingo and Atoka quadrangles, Okla., 
which correspond to the Denison beds of HiU, 
include in ascending order the Kiamichi for- 
mation, equivalent to the ^*Kiamitia" clay of 
Hill; the Cad&o Umestone, equivalent to the 
Duck Creek formation and tie Fort Worth 
Umestone ; the Bokchito formation, equivalent 
to the Denton subgroup and the Weno sub- 
group (Marietta or Weno formation and Paw- 
paw beds) of Hill; and the Bennington Ume- 
stone, equivalent to HiU's Pottsboro sub- 
group (Main Street Umestone and Grayson 
marl). (See PI. XVIII.) 

South of Grayson and Cooke counties, Tex., 
the Washita group, as a whole, becomes thin- 
ner, at the same time graduaUy assuming a 
different lithologic character. In the Austin 
quadrangle (see PI. XVIII) the Georgetown 
Umestone, which is only 80 feet thick, appears 
to represent aU of the Washita group of 
Grayson County up to and including the 
basal part of the Main Street limestone, a 
total thickness of at least 385 feet. However, 
the upper part of the Main Street limestone 
and the Grayson marl, which, together have a 
thickness of about 30 feet, become thicker 
toward the south and are represented in the 
Austin quadrangle by the Del Rio clay and 
Buda limestone, which have a combined 
thickness of about 125 feet. 

HiU's classification of the group is given in 
Plate XVIII (p. 134), which also includes col- 
umns showing the correlation with the sub- 
divisions of the group recognized by Taff in 
the Tishomingo quadrangle, Okla., by HiU in 
the region south of the Brazos River valley, 
and by HiU and Vaughan in the Austin quad- 
rangle, Tex. In the present report Hiirs 



classification of the group, modified somewhat 
for the sake of simpUcity and greater clear* 
ness, is adopted, as shown in Plate XVIII, 
column B. The changes include the dropping 
of the apparently unnecessary terms Preston 
beds, Weno subgroup, and Pottsboro sub- 
group. 

KIAKICHZ CLAT. 

The Eamichi clay is named for Kiamichi 
River, on which it is typicaUy exposed in 
Choctaw County, Okla. In Grayson County 
the Eaamichi clay, which includes aU the beds 
between the Goodland and Duck Creek for- 
mations, is 40 or 50 feet thick and consists 
chiefly of dark carbonaceous shaly clay, with 
thin platy layers of siUceous limestone inter- 
bedded with the clay in the lower few feet and 
with thin layers of gray impure fossiUferous 
Umestone in the upper 10 or 15 feet. The 
writer has not seen the full thickness of the 
formation, and the description is based partly 
on the statements of Taff and Hill. The sec- 
tion at Thomson Ferry, given below, which 
includes the upper part of the formation, was 
examined by the writer. (See PL XX.) 
This locaUty is on the north Umb of the Deni- 
son anticUne. 

Section at Thomson Ferry, on the right bank o/RedRivert in 
Grayson County, Tex,, t miles south of Wbodville, Okla. 

Duck Creek fonnation: Peek 

Layers of limestone interbedded with subor- 
dinate layers of dark shaly calcareous clay, 
the limestone hard and nodular in the upper 
part, softer and less nodular below, espedsdly 
in the lower 2 feet. Fossils recognized: Kin- 
gena sp., Exogyra plexa Cragin, Plicatula sp., 
Gryphaea washitaensis Hill, Hamites /remonti 
Marcou (?), Schloenbachia (two or three 

species) 15 

Kiamichi clay: 

Layers of gray impure, very foesiliferous lime- 
stone with thin interbedded layers of dark 
calcareous shaly clay; the limestone layers 
contain vast numbers of Gryphaea, chiefly G. 

navia Hall 3} 

Dark shale with layers of Gryphaea-hesaing 
limestone resembling the limestone in the 
overlying division but more widely spaced. 
Fossils recognized: Gryphaea navia Hall, 
Trigonia sp., and Plicatula sp 7 

The GrypTutea-heeLrmg Umestones in the up- 
per part of the Kiamichi clay are characteristic 
and persistent and form exceUent key beds in 
determining the structure of the rocks in this 
area. They were noted also on the north 



. TOP OF KIAMICHI CIAY. OVERLAIN BY LIMESTONE MEMBER OF DUCK CREEK FORMA- 
TION. IN BLUFF ABOVE THOMSON FERRY. RED RIVER. II MILES NORTHWEST OF DEMSON. 
GRAYSON COUNTY. TEX. 
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limb of the Preston anticline in a branch of 
Rock Creek at a public road crossing 3 miles 
south by west of Kingston, Marshall County, 
Okla. On the south limb of the anticline they 
were examined along the Preston road a short 
distance south of Rock Bluff (seep. 134); along 
the road leading down to Henderson Ferry, 
5i miles north by west of Pottsboro; and in 
the bed of Little Mineral Creek, 3^ miles north 
of Pottsboro. 

DTTOX OBZBX rOKMATZOH. 

The Duck Creek formation, which is typi- 
cally exposed on Duck Creek north of Denison, 
in Grayson County, consists of approximately 
100 feet of limestone and gray to greenish-gray 
shaly calcareous clay, which intervene between 
the Eaamichi clay below and the Fort Worth 
Umestone above. In the lower 35 or 40 feet 
the limestone alternates with the clay in layers 
6 to 12 inches thick, in about equal propor- 
tions; in the upper part of the section the clay 
predominates, the limestone layers being rather 
soft and separated by intervals of 2 to 3 feet 
or more of clay. The limestones in the lower 
35 or 40 feet are characterized by keeled and 
nonkeeled ammonites, many of which reach 
a diameter of 2 feet or more. One layer of 
white, chalky limestone 3 or 4 feet thick 35 or 
40 feet above the base of the formation and 
2 or 3 feet of gray calcareous clay that imme- 
diately underlies it contain great numbers of 
large ammonites and form a zone that has 
been recognized in outcrops over a large area 
in Texas and Oklahoma and was used by 
Messrs. Hopkins, Powers, and Robinson as a 
key in the determination of structure. The 
keeled ammonites belong chiefly to the genus 
Sdtloeribachia, several species of which have 
been differentiated. The nonkeeled forms be- 
long chiefly to the species Pachydiscus hrd- 
zoensis (Shumard). The Umes tones also con- 
tain some of the remains of the problematic 
organisms (fucoids?), such as occur in great 
numbers and of larger size in the Fort Worth 
limestone. (See p. 140 and PL XXI, B.) The 
most complete section of the Duck Creek for- 
mation examined by the writer is on Duck 
Creek and in a cut of the St. Louis & San Fran- 
cisco Railroad where it comes close to Duck 
Creek, 2| miles north of Denison. 



Section on Duck Creek and in a cut of the St Louie d: San 
Francisco Railroad f } mUee north of Denieon^ Orayson 
County, Tex. 

Fort Worth limestone: Feet. 

Four or five layers of nodilar impure argilla^ 
ceous fossiliferous limestone interbedded 

with gray shaly clay 8 

Duck Creek formation: 

Gray shaly calcareous clay with interbedded 
layers of impure non ledge-forming limestone 
at intervals of 2 or 3 feet 22 

Concealed 20 

Greenifih-gray calcareous clay from which 
weather numerous specimens of Plicatula cf. 
P. incongrua Conrad and small rusty ammon- 
ites, probably the young of Pachydiscus and 
Schloenbackiaf also a few specimens of Gry- 
phaea washitaensis Hill 15 

Ledges of limestone with interbedded layers 
of gray shaly clay, poorly exposed; the lime- 
stone, especially one layer near the top, con- 
tains numerous keeled and nonkeeled am- 
monites, many of which are of laige size 
(maximum, 2 feet in diameter) 20 

Alternating beds of ammonite-bearing limestone 
and gray shaly clay, about half and half, 
well exposed in blu£f along the creek 20 

Other exposures of the limestones forming 
the lower part of the Duck Creek formation 
were observed by the writer in a small branch 
of Little Mineral Creek at the crossing of the 
road leading to Henderson Ferry, 4) miles 
north of Pottsboro; in the road leading down 
to Henderson Ferry about a mile west by 
north of the locality just mentioned; and at 
Willis Ferry (Oklahoma side), 13 miles north- 
west of Pottsboro, Tex. The upper part of the 
Duck Creek, consisting of calcareous clay, 
which lacks conspicuous layers of limestone, 
is well exposed in a bluff on the north side of 
Red River, about half a mile above Willis 
Ferry. These localities are on the south 
limb of the Preston anticline; the section at 
Thomson Ferry, on the north limb of the anti- 
cHne described on page 138, reveals the basal 
15 feet of the limestone. 

FORT WORTH XJMSSTOVS. 

The Fort Worth limestone, named from the 
city of Fort Worth, Tarrant County, Tex., 
consists in the vicinity of Red River north of 
Denison, Grayson Coimty, of about 25 feet of 
gray nodular earthy limestone interbedded 
with layers of dark shaly clay, followed above 
by 8 to 10 feet of heavy-bedded hard cream- 
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colored chalk j limestone. This limestone re- 
sembles the limestone portion of the underlying 
Duck Creek formation, from which it may be 
distinguished by slight lithologic differences, 
by the more common occurrence of pectens, 
by the presence of echinoids in greater number 
and of larger size, and by the greater abun- 
dance and larger size of the problematic fucoid- 
like remains described below. The Fort Worth 
is immediately overlain by the Denison forma- 
tion. A good exposure of the lower 25 feet of 
the formation is afforded by the bluff of Red 
River at the north end of the bridge of the 
Missouri, Kansas & Texas Railway 5 miles 
north of Denison, on the north limb of the 
Preston anticline. (See PI. XXI, A.) Here the 
impure nodular Umestone layers range in 
thickness from a few inches to 2 feet, and the 
interbedded shaly clay composes half or more 
of the bulk of the material. The limestone 
layers are fossiliferous and the most numerous 
and conspicuous forms are keeled ammonites, 
some of which have a maximum diameter of 
18 inches, and echinoids. An interesting and 
characteristic feature of these limestones is 
the problematic fucoid (?) remains or casts of 
borings (?) which line the underside of some 
of the limestone layers. Good examples are 
shown in Plate XXI, B. The upper part of 
the formation is well exposed in the bank of a 
small branch about a third of a mile northeast 
of the Missouri, Kansas & Texas Railway 
bridge just east of the railway track; here 
the Fort Worth is overlain by 15 feet of reddish 
terrace sand. 

The upper heavy-bedded cream-colored lime- 
stone of the Fort Worth is exposed at many 
places on the south limb of the Preston anti- 
cline in Grayson County and was observed 
in a cut of the Missouri, Kansas & Texas Rail- 
way 2 miles north by east of Denison; on the 
Bears Ferry road 1} miles in an air Une north- 
west of the post office at Denison; on the 
Preston (Rock Bluff) road 3 J miles north of 
the Missouri, Kansas & Texas Railway, near 
the head of a branch of Little Mineral Creek; 
on the public road 2^ miles in an air line 
northeast of Pottsboro; and on the Henderson 
Ferry road 3 J miles north of Pottsboro, an 
eighth of a mile north of Fink. This upper 
massive part of the Fort Worth limestone con- 
stitutes a good key bed, owing to its ledge- 
forming character and its characteristic fossils. 



among which are Hemiaster elegans Shumard, 
Exogyra vxilkeri White (a large smooth species), 
Nautilus texanus Shumard, and ScMoeribachia 
leonensis Conrad. 

DEVISOXI FO&HATIOH. 

DENTON CLAT MEMBER (INCLUDING ^'OSTREA CARINATA 

BED*'). 

Hill * originally applied the name Marietta to 
beds, chiefly shaly clays, 160 feet thick, be- 
tween the Fort Worth limestone below and im- 
perfectly defined so-called North Denison sands 
above. Later he reclassified the Denison for- 
mation, as shown in Plate XVIII, column C, 
introducing the name Denton subgroup, from 
Denton Creek, Denton Coxmty, for the lower 
45 feet of the original Marietta, including 
the ^^Osirea carinata bed" at its top, and 
applying the name Weno formation to 
the beds which lie between the Denton 
and the '* Quarry'' limestone and include 
most of the upper part of the original 
Marietta. In one of his tables in the same 
paper ' he somewhat loosely applied the name 
Marietta to the beds between the Denton and 
Pawpaw divisions. As the name Marietta is 
preoccupied for sandstone in the Dunkard 
group of Pennsylvania, West Virginia, and 
Ohio, its use in the Denison section seems 
undesirable. 

The lower 5 feet of the Denton is a strongly 
calcareous clay of a decided marly character. 
This is followed by 35 feet of shaly, less calca- 
reous clay, which in turn is followed by 3 to 5 
feet of highly fossiUferous impure limestone, 
composed largely of the shells of Gryphaea 
wasTiitaensis Hill but containing also a few 
large echinoid spines and other fossils, among 
which are considerable nimabers of Ostrea cari- 
nata Lamarck, a fossil which suggested the 
name ^^ Ostrea carinata bed." The Denton 
member appears in imperfect exposures along 
the St. Louis & San Francisco Railroad IJ to 
2 miles north of Denison. 

The *^ Ostrea carinata bed" appears in many 
small exposures along the south limb of the 
Preston anticline and is an excellent key rock, 
chiefly because of the presence of 0. carina4a 
Lamarck, a peculiar and easily recognizable 
fossil. This stratum is exposed on the St. 

1 HOI, R. T., Geol. Soo. America Ball., vol. 5. p. 303, 18M. 
* Hill, R. T., (J. 8. Geca. Survey Twenty-first Ann. Rept., pt. 7, p. 
US. 1901. 
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Louis & San Francisco Railroad 1^ miles north 
of Denison and was seen also on the Missouri, 
Kansas & Texas Railway 1^ miles north of 
Deni^ion; on the liears Ferry road about IJ 
miles in an air line northwest of the post office 
at Denison ; in the headwater branches of Shaw- 
nee Creek, 3i miles west by north of the post 
office at Denison; and at Fink post office, 3 
miles north of Pottsboro. Messrs. Hopkins 
and Powers noted outcrops of a stratimi that 
carries 0, carirMta Lamarck and apparently 
represents the ^^Osirea carinata bed*' strati- 
graphically 55 feet above the Fort Worth lime- 
stone, at two localities on the north limb of the 
anticline in Marshall County, Okla., namely, 
3i miles southeast of Kingston, in the NE. 
} sec. 3, T. 7 S., R. 6 E.; and 2 J miles east of 
Kingston, in the SE. J sec. 28, T. 6 S., R. 6 E. 

WENO CLAY MEMBER. 

The Denton clay member is overlain by 115 
feet of dark-gray shaly clay with subordinate 
thin partings, lenses, and layers of fine gray to 
yellow sand, some of which are indurated to 
ledge-forming sandstone. To this material 
Hill ^ gave the name Weno formation, from the 
small village of Weno, on Red River 5 miles 
northeast of Denison, Grayson Coimty, which 
does not appear on recent maps and is appar- 
ently abandoned. Hill in the same paper also 
used the name Weno in a broader (^*sub- 
group'*) sense, to include both Ih? Weno clay 
member and the overlying Pawpaw sandy 
member, a usage not followed in the present 
paper. Sand layers are numerous, though sub- 
ordinate to the clay, in the upper 35 feet of the 
division in cuts of the St. Louis & San Fran- 
cisco Railroad about a mile north of the station 
at Denison (see PI. XXII, B), where one lens 
has a maximum thickness of 1^ feet. At the 
same locality the clays contain many small 
flattish ferruginous concretions, probably de- 
rived by oxidation from concretions of iron car- 
bonate, and some small concretions of mar- 
casite. Fossil pelecypods and gastropods in a 
good state of preservation are numerous in the 
clays, sands, and ferruginous concretions in 
these upper beds, among which were recog- 
nized Nueula sp., Ostrea quadriplicata Shu- 
mard| Proiocardia texdna (Conrad), Cyprimeria 

1 Hill, R. T., U. 8. Qeol. SiirT»7 Twenty-first Ann. Sept., pt. 7, pp, 
121,374,1901. 
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sp., Corhula (three species), Cymhophora sp., 
TurriteUa sp., Auckura mudgeana White, En- 
gonocerds serperUinum (Cragin), 

The Weno clay weathers down to smooth 
surfaces and is as a rule poorly exposed on the 
uplands and valley slopes. In addition to the 
section in the railroad cut just described, a 
good exposure of strata believed to represent a 
portion of the Weno clay and certainly repre- 
senting either this clay or the Pawpaw member 
is afforded by Carpenters Bluff, on Red River 
below the bridge of the Missouri, Oklahoma & 
Gulf Railway, 7 miles in an air line due east of 
Denison. Hill mapped the area in which this 
bluff is included as belonging to the Woodbine 
formation, though Taff had at an earlier date 
recognized that the outcrop at the bluff be- 
longed to the Washita group. This exposure 
is about on the southeastward-plimging axis of 
the Preston anticline. 

According to Messrs. Hopkins and Powers 
the Weno clay in the north limb of the Preston 
anticline in Marshall County, Okla., is about 
135 feet thick, or 20 feet thicker than in the 
south limb in Grayson Coimty, Tex. A fine 
exposure of the upper SO feet of the Weno, 
overlain by the ** Quarry" limestone, is afforded 
by a bluff on the left bank of Washita River at 
the crossing of the St. Louis & San Francisco 
Railroad 2} miles west of Platter, Bryan 
County, Okla. A view of this bluff, taken at 
a low stage of water, is shown in PL XXII, A. 
The beds here consist predominantly of greenish 
shaly calcareous clay, with an interstratified 
layer of sandstone 5 or 6 feet below the 
*'(Juarry'' limestone and several layers of thin 
flaggy sandstone 25 to 40 feet below the 
**Quarry." Well-preserved fossil shells, many 
species of which are identical with those col- 
lected in a cut of the St. Louis & San Francisco 
Railroad a mile north of Denison in Grayson 
Coimty, Tex., are abundant in some layers of 
the day and in some of the indurated layers. 
Several well-preserved fragments of crustaceans 
were found in the talus. 

About 20 feet of dark shaly clay of the Weno 
member, containing poorly preserved fossils, is 
well exposed in the left bank of a branch just 
east of the Missouri, Kansas & Texas Railway, 
li miles south of Colbert, Bryan Coimty, Okla. ; 
this locality also is on the north limb of the 
Preston anticline. 
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PAWPAW BAin>T MEMBEB (iNCLUOINO 

UMESTONB). 



**quabbt" 



The Weno clay member is overlain by ap- 
proximately 50 feet of more or less irregularly 
bedded clays and sands, including at the base 
a persistent layer of sandy limestone 1 to 4 feet 
thick, known as the " Quarry" limestone. Cal- 
careous clay predominates in the lower half of 
the division above the ''Quarry'' limestone, and 
sand and interbedded laminated sand and clay 
predominate in the upper half. Good expo- 
sures, particularly of tJie upper part of the 
member, occur in the headwater branches of 
Pawpaw Creek within the corporate limits of 
the eastern part of Denison. 

The "Quarry" limestone is a sandy bluish- 
gray limestone that weathers yellow and purple 
and contains considerable numbers of Ostrea 
quadriplicata Shumard. Ostrea auhovaia Shu- 
mard is rather sparingly represented. A good 
exposure is afforded by a cut of the St. Louis 
& San Francisco Railway three-quarters of a 
mile north of the station at Denison (see PI. 
XXII, B), where it is 2 feet thick and the lower 
3 to 12 inches is conglomeratic. The somewhat 
scattered pebbles in the conglomeratic portion 
consist of waterwom calcareous sandstone, 
sandy limestone, and calcareous and ferrugi- 
nous concretions, the largest 3 inches or more 
in length. A few borings into the top of the 
underlying Weno clay, filled with material char- 
acteristic of the limestone, were noted. As the 
base of the limestone is sharply separated from 
the underlying clay and is somewhat undulat- 
ing, the contact appears to mark an imcon- 
formity, though the time represented by it was 
probably short. The limestone in this section 
is overlain by 4 feet of clay, above which is an- 
other layer of similar limestone 6 inches to 1 
foot thick, which shows the lenticular charac- 
ter of the rock and which apparently connects 
the "Quarry" limestone more closely with the 
overlying Pawpaw member than with the un- 
derlying Weno clay. In this connection it may 
be mentioned that Messrs. Hopkins and Powers 
have noted in Marshall County, Okla., several 
layers of sandy limestone in the Pawpaw mem- 
ber that resemble the "Quarry." 

Other outcrops of the limestone were exam- 
ined in Grayson County in the bed of a small 
branch of Smith Creek just south of the Mis- 
souri, Oklahoma & Gulf Railway, 4| to 5i 
miles east of Denison; in a ditch and in a field 
south of the Missouri, Oklahoma & Gulf Rail- 



way about 2i miles east of Denison; at a 
culvert of the Missouri; Oklahoma & Gulf Rail- 
way about 2 miles east of Denison; in a north- 
south public road 1^ miles east by north of 
Pottsboro; in an east-west road at two creek 
crossings 2 miles north of Pottsboro; in the 
Henderson Ferry road 2J miles north of Potts- 
boro, a quarter of a mile south of Fink; and in 
the public road a quarter of a mile west of 
Fink. 

On the north limb of the Preston anticline the 
" Quarry" limestone outcrops at the crest of the 
steep part of the bluff on Washita River at the 
crossing of the St. Louis & San Francisco Rail- 
way in Bryan County, Okla. (see p. 141), where 
it overlies the Weno clay and is overlain in turn 
by clays and sands of the Pawpaw member. 
Poor exposures were also noted near the public 
road leading to Kingston, about 3 miles north- 
west of Woodville, in Marshall County, Okla. 
Messrs. Hopkins and Powers state that in the 
latitude of Kingston and farther north there is 
no definitely recognizable "Quarry" limestone, 
but several beds resembling it; 3 miles east of 
Kingston they examined a section which in- 
cluded four distinct layers of sandy limestone 
each resembling the "Quarry" and each con- 
taining Ostrea quadriplicata Shumard. Mr. 
Hopkins noted an outcrop of a sandy glauconitic 
limestone resembling the "Quarry" 4 nules 
east of Kingston, Marshall County, in the cen- 
ter of the west line of sec. 35, T. 6 -S., R. 6 E., 
from which he obtained a specimen of a bryo- 
zoan which R. S. Bassler refers to the genus 
Domopora. 

The section described below shows the rela- 
tion of the Pawpaw member to the overlying 
Main Street Umestone member. (See PL 
XXIV, B,) 

Section in a small headwater branch of Pawpaw Creek just 
east of the subway under (he Missouri^ Kansas de Texas 
RaiUway south of the station at Denison^ Tex. 

Main Street limestone member: 

Irregular nodular layers of hard limestone 6 to Feet 
18 inches thick, interbedded with soft yellow 
marl a few inches to 6 inches thick; the under 
side of the lowest limestone layer is roughly 
nodular. Exogyra arietina Roemer occum 
abundantly in the upper 2 or 3 feet 8 

Gray, faintly laminated sandy and calcareous 
(marly) clay, coarsely sandy in the basal few 
inches; in the basal 6 inches are numerous 
small ferruginous concretions and a few flat- 
tish, partly oxidized iron carbonate concre- 
tions; one apparently water- worn quartzitic 
sandstone pebble wasnoted l]-2 
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Unconformity (?). rctt. 

Pawpaw sandy member: 

Thinly laminated, etrongly cron-bedded gray 
clay and-eandy clay with thin sand partings 
and some larger lenses of fine yellow sand; 
numerous thin iron crusts occur in the part- 
ings; some comminuted plant fragments 
were noted 6 

The upper 6 feet of the Pawpaw is also well 
exposed beneath the Main Street limestone on 
the Missouri, Kansas & Texas Railway at the 
iron overhead bridge 3 miles west of the station 
at Denison. (See below and PL XXIII, A,) 
Here the Pawpaw consists of current-bedded, 
laminated sand yid clay with highly fossilif- 
erous thin lenses of femigixious oxidized soft 
sandstone. Among the fossils recognized were 
Nucuia sp., Protocardia texana (Conrad), Oyrn- 
hophora sp., Corbula sp., Anchura m/adgeana 
White, and Engonoceras serpentinum (Cragin). 

The Pawpaw member produces a narrow belt 
of sandy soil between the day soils of the Weno 
and those of the overlying Main Street lime- 
stone and the Grayson marl. The topography 
produced by the sandy beds of the Pawpaw is 
similar to that characteristic of the outcrop of 
the Woodbine formation of the Gulf series. 

MAIN STREET LDfESTOKE MEMBER. 

The Main Street limestone, named from ex- 
posures on Main Street in Denison, consists, in 
Grayson CJounty, of 8 to 20 feet or more of 
heavy-bedded hard limestone, with subordi- 
nate interbedded layers of unconsolidated cal- 
careous marl, and is characterized by the 
presence of Exogyra arietina Roemer, particu- 
larly in the upper part, and of KiTigena waco- 
ensis (Roemer) in the lower part. One of the 
best exposures of the limestone is afforded by 
a cut of the Missouri, Kansas & Texas Railway 
3 miles west of the station at Denison. (See 
PI. XXIII, A.) 

Section in cut of Jiisaouriy Kcmwis & Texas RaUway S miles 
west of the station at Denison^ Grayson County, Tex. 

Bedduum and creep: Feet. 

Browniflh loam containing in places along ita 
base a great number of ferruginous sandstone 
fragments and boulders derived from the 

Woodbine sand. . , 2^ 

Main Street limestone member: 

Irregular layers of limestone 3 to 4 feet thick, 
with discontinuous interbedded lenses of soft 
marl, underlain by 3 to 4} feet of massive 
bard limestone having an undulating nodular 
base; Exogyra arietina Roemer is conunon in 
the upper layers .' . . . 1\ 



Main Street limestone member — Continued. Feet. 
Greenish-gray sandy calcareous clay marl with 
scattered white clay pebbles and ferruginous 
concretionary clay nodules along the base, 
some of which suggest having been mechani- 
cally included. . . ^i-^ 

Unconformity (?). 

Pawpaw sandy member: 

Current-bedded greenish-gray fine sand, with 
fine clay laminae and subordinate lenses of 
laminated clay. Highly foesiliferous thin 
discontinuous lenses of ferruginous oxidized 
soft sandstone with -many molds and internal 
casts of fossil mollusks; soft molds and inter- 
nal casts occur also in the soft sands. (See 
list, above.) Maximum exposed thickness.. 6 

The limestone is poorly exposed on Main 
Street east of the railroad tracl^ in the eastern 
part of Denison and is well exposed in some of 
the branches and on the slopes about the head- 
waters of Pawpaw Creek in the same vicinity. 
One section is described on page 122. (See 
also PI. XXIV, B.) 

Other exposures of the limestone were noted 
along the south limb of the Preston anticline 
in Grayson County, in the bed .of a headwater 
branch of Iron Ore Creek just north of the 
Missouri, Kansas &• Texas Railway, 5} miles 
west of the station at Denison and a quarter 
of a mile east of a north-south public road; 
poor exposures showing dips of 20° or more 
in a low strike ridge extending from a point 2 
miles east of Pottsboro northwestward for a 
distance of 2 miles; in the bed of a head- 
water branch of Little Mineral Creek on the 
Henderson Ferry road 2 J miles north of Potts- 
boro, seven-eighths of a mile south of Fink; 
poor exposures along the east-west public road 
three-fourths of a mile to 1^ miles west of 
Fink; on the same road near the heads of 
ravines 2\, 2J, 2i, and 3J miles west of Fink, 
overlain by the Grayson marl, which appears 
in several poor exposures; in the bed of a 
small southward-flowing branch of Mill Creek 
about 4 miles west by north of Fink; along a 
north-south public road 2 miles east by south 
of Cedar Mills; on a public road on the west- 
ward-facing slope of the Mineral Creek valley 
1) miles east \ y south of Cedar Mills; in a 
small branch at the turn of the road just south 
of Cedar Mills; on the northward-facing slope 
of the Sandy Creek valley just north of Cedar 
Mills; at the crossing of a public road over a 
headwater branch of Brier Creek 5 miles north- 
west of Gordon ville; and on the southeast 
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crest of Brushy Moiind, 9 miles northwest of 
Gordonville. 

The Main Street limestone was not s§en in 
place by the present writer on the north Umb 
of the Preston anticline, but Messrs. Hopkins 
and Powers state that they have seen it well 
exposed at the following localities in Okla- 
homa: In Bryan Coimty on the south bank of 
Rock Creek along the public road, 2 miles 
northwest of Platter; and in Marshall County 
a mile west of Washita River; on the south 
bluff of Washita River at the southeast comer 
of sec. 7, T. 7 S., R. 7 E.; 2 miles northeast of 
Woodville, in the center of the east line of 
sec. 19, T. 7 S., R. 7 E. ; and 4 miles north of 
Woodville, in the NW. J sec. 1, T. 7 S., R. 6 E. 
According to the geologic map of the Tisho- 
mingo quadrangle, which joins the Denison 
quadrangle on the north, the Bennington 
limestone of Taff, which includes the Main 
Street limestone, enters the Deiiison quad- 
rangle* 2 or 3 miles west of its northeast comer. 

GRAYSON MARL MEMBER. 

• 

The topmost division of the Depison forma- 
tion and of the Washita group, known as the 
Grayson marl, consists of 15 to 25 feet of light 
gruenish-gray calcareous clay or marl with 
lumps of white Ume and several nodular thin 
layers of Umestone. The fossils carried by the 
marl include species of Gryphaeay PecteUf Tri- 
gonia, Plicaivkby Protocardiaj TurrUiteSj and 
HopliteSy of which Gryphaea mucranata Gabb is 
perhaps the most common. 

The marl is poorly exposed above the Main 
Street limestone about the headwater branches 
of Pawpaw Creek, in the eastern part of Deni- 
son. The best exposure examined was in a pit 
south of the Missouri, Oklahoma & Gulf Rail- 
way about a quarter of a mile east of the sta- 
tion at Denison, where a thickness of 16 feet of 
the marl was noted. 

Other exposiu'es in Grayson Coimty occur in 
the banks of headwater branches of Iron Ore 
Creek near the Missouri, Kansas & Texas Rail- 
way 5i to 5i miles west of Denison; in the 
bank of a headwater branch of Little Mineral 
Creek near the crossing of the Henderson Ferry 
road, 2i miles north of Pottsboro and seven- 
eighths of a mile south of Fink ; and at intervals 
on and near the public road leading west from 
Fink for a distance of about 4 miles. 



GULF SEBIES. 



QENEBAL CHARACTER. 



The Gulf series is composed of sands, shaly 
clays, chalks, and calcareous days and sands 
(marls), which have an estimated thickness of 
approximately 3,000 feet in the area under 
consideration. In the southwestern part of 
the area the succession of formations in the 
series is, in ascending order, as follows : Wood- 
bine sand, Eagle Ford clay, Austin chalk, Tay- 
lor marl (including the Wolfe City and Pecan 
Gap members; see pp. 155-156), and Navarro 
formation. Toward t^ nortfi the lower part 
of the Austin chalk merges, with some inter- 
tonguing, into contemporaneous nonchalky 
sands and cla3rs, and the upper part of the 
Austin transgresses to a higher position in the 
geologic column, so that in Fannin and Hunt 
counties the following succession of mappable 
units is recognizable* Woodbine sand, Eagle 
Ford clay, unnamed clays and sands beneath 
the Austin chalk, Ector tongue of Austin chalk, 
unnamed clay in the vicinity of Bonham, An- 
nona tongue of Austin chalk, Taylor marl 
(including Wolfe City and Pecan Gap members), 
and Navarro formation. Still farther to the 
northeast, in Lamar, Delta, and Hopkins 
coimties, the succession of units is as follows: 
Woodbine sand (exposed at Arthurs Bluff, on 
Red River), Eagle Ford formation Qargely 
concealed by terrace deposits), unnamed sands 
and clajrs (also largely concealed), Blossom 
sand, Brownstown marl, Annona tongue of 
Austin chalk, Taylor marl, and Navarro forma- 
tion. The age relations of the units just 
named in different parts of the area are dia- 
grammatically represented in the correlation 
section given in Plate XXX, C (p. 155). 

The Gulf series is referable in its entirety to 
the Upper Cretaceous, though, as indicated on 
page 134, it may not include representatives of 
the lowermost part of the Upper Cretaceous. 
The nature of the contact separating the Gulf 
series from the underlying Comanche series 
has not been satisfactorily determined in north- 
eastern Texas. Probably it is that of uncon- 
formity, the basal formation of the upper 
series, the Woodbine sand, having been depos- 
ited in the shallow waters of the transgressing 
sea, in the deeper waters of which the succeed- 
ing truly marine sediments of the series were 
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laid down. Toward the south the Woodbine 
sand becomes progressively thinner, finally 
disappearing in McLennan County, south of 
which the Eagle Ford clay rests directly upon 
the Buda limestone of the Comanche series. 
The absence of the Woodbine in central and 
southwesteni Texas would therefore seem to 
indicate unconformity, unless 'the age equiva- 
lent of the Woodbine lies in the relatively thin 
sediments that compose the Buda limestone, a 
supposition which seems highly improbable 
and which has no basis of known fact. 

WOODBINE SAND. 

The Woodbine sand, named from the village 
of Woodbine, in Cooke County, is the basal 
division of the Gulf series in northeastern 
Texas. It is a highly variable formation, con- 
sisting of strongly current-bedded, more or less 
ferruginous sand and laminated shaly clay, 
with some interbedded layers of lignite and 
lignitic clay. On accoimt of the irregularity 
of the bedding it is scarcely possible to determine 
the thickness of the formation from surface 
outcrops, but it is reasonably certain that in 
Grayson County the thickness is not le3s than 
300 or 400 feet and may be as great as 500 feet. 
A well at Ladonia, in the southeast comer of 
Fannin County, penetrated between depths of 
1,800 and 2,425 feet about 625 feet of sand and 
clay which are interpreted as belonging to the 
Woodbine- As stated above, the Woodbine 
becomes progressively thinner toward the 
south, finally disappearing in McLennan County. 
The formation is traceable eastward from Gray- 
son County through Texas and into Arkansas, 
where it is believed to be represented by a part 
at least of the Bingen sand. 

The scope of this paper will not permit a 
detailed account of the many different litho- 
logic aspects of the formation, for which the 
reader is referred to the sections described by Hill 
and Taff in the papers listed on pages 130-131. 
Hill recognized two subdivisions of the Wood- 
bine — a lower member, called by him the Dex- 
ter sands, consisting of an estimated thickness 
of 160 feet of ''brown and yellow ferruginous 
sandstopae heavily laden with siliceous iron* 
stone,'' and an upper member, called by him 
the Lewisville beds, consisting of 150 feet or 
more of ''laminated lignitic sands and sandy 
clays, interstratified with brown sands, fer- 
ryginous reddish-brown sandstone, shell sand- 



stone, and argillaceous shelly sandstone which 
contains large lenslike calcareous concretions 
and laminated argillaceous sandstones at the 
top." Sand seems to. predominate over clay, 
producing a pronounced sand-hill type of 
topography, as in the country immediately 
southwest and west of Denison; but locally 
clay makes up the bulk of the formation, 
producing a smoothly rolling surface, as in the 
belt of country northwest of Pottsboro. (See 
p. 132.) 

Fossil leaves have been obtained from the 
lower member (Hill's Dexter sands) of the 
Woodbine near Denison. The upper member 
(Hill's Lewisville beds) yields a peculiar shal- 
low marine fauna that differs markedly from 
the Cretaceous faunas either below or above it 
in Texas. This fauna is best known from 
exposures on Timber Oeek, 3 or 4 miles west, 
southwest, and south of Lewisville, Denton 
County, Tex., and though it includes a rela- 
tively small number of species is rich in indi- 
viduals, which largely make up certain lenses 
and layers of the formation. The following are 
some of the species that have been described; 

Area (Barbatia) micronema (Meek), numerous. 
Ostrea soleniscus Meek, very numerous. 
Modiolus filisculptus Cragin. 
Gytherea leveretti Cragin. 
Cerithium tramatensis Crasin. 
Cerithium interlineatiun Cragin 

The fossilif erous strata of the upper member 
are represented in Grayson County, though 
they are not so conspicuously exposed as they 
are on Timber Creek in Denton County. 

Fossil plants have also been collected from 
beds* regarded as representing the Woodbine 
formation at Arthurs Bluff, on Red River 15 
miles north of Paris, in Lamar Coimty, Tex. 

The Woodbine sand outcrops in a belt a few 
miles wide along the south limb of the Preston 
anticline (see geologic map, PI. XVII) and in a 
north-south belt along the western border of the 
area mapped. The belt of outcrop wraps 
around the southeastward-plunging nose of the 
Preston anticline in northwestern Fannin 
Coimty, Tex., and passes northward into Okla- 
homa, where it extends in a broad belt to the 
northwest and north, and to the east down the 
Red River valley. Exposures of the Woodbine 
at three localities are shown in Plates XXIV, A, 
and XXV, A and B. 
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The formation may be studied to advantage 
on sandy hills along the northern margin of the 
belt of outcrop between Pottsboro and Cedar 
Mills, in Grayson Coimty; in road and railroad 
cuts and creek beds between Denison and 
Pottsboro, and for several miles southwest of 
Denison; in cuts of the Missouri, Kansas & 
Texas Railway in the western outskirts of Deni- 
son, Grayson County (see PI. XXIV, A) ; in roads 
and stream banks and beds in the hilly country 
within 6 or 7 miles east-southeast of Denison; 
on sandy hills in the northwestern part of 
Fannin County; and at Hyatts Bluff, bn Red 
River just above the mouth of Caney Creek, 6 
miles northwest of Ravenna, Fannin County 
(PI. XXV, A). 

Hyatts Bluff, not heretofore described, is 
half a mile long and 45 feet high and trends 
N. 28® E. Reddish terrace sand forms the 
upper 20 feet of the section, beneath which are 
25 feet of Woodbine strata consisting of soft 
cross-bedded glauconitic sandstone; dark- 
greenish, more massive soft glauconitic sand- 
stone; small lenses of pebbly sand; and dark 
shaly clay. The main bedding planes are 
fairly persistent and dip perceptibly down- 
stream. One persistent sandstone stratum 
2^ feet thick, overlain by a lignitic band a foot 
thick, was traced from a point where it is 20 
feet above water level for 1,800 feet along the 
face of the bluff to a point where it passes be- 
neath water level. The dark shaly clay form- 
ing the portion of the section that is strati- 
graphically highest in the Woodbine contains 
concretions of iron carbonate, some of which 
are fossiliferous, and there is one layer of dark- 
greenish glauconitic soft sandstone containing 
the abimdant remains of a poorly preserved 
moUuscan fauna that inhabited a shallow sea. 
The photograph reproduced in Plate XXV, A, 
was taken where the lignitic band lies at water 
level and is overlain by 4 or 5 feet of shaly, 
easily eroded clay. The conspicuous project- 
ing ledge is highly cross-bedded sandstone along 
the base of which are discontinuous small lenses 
of conglomerate. 

EAGLE FORD CLAY. 

The Woodbine sand is overlain by the Eagle 
Ford clay, a fprmation named from Eagle Ford, 
a village 6 miles west of Dallas, where it is 
typically exposed. The formation consists 
chiefly of dark bluish-gray to nearly black 



shaly clay which is as a rule gypsiferous and 
more or less bituminous; in places cr3^tals of 
selenite weather from the clay in great num- 
bers. In Grayson and Fannin counties the 
formation has an estimated thickness between 
300 and 400 feet. Thin, platy layers of sand- 
stone and sandy limestone, some bearing the 
imprints of sniall costate and keeled am* 
monites, occur in the formfttion, particularly 
in the central portion. Flattish calcareous 
nodules occur in the lower part of the forma- 
tion, and oval to spherical hard limestone sep- 
taria are characteristic of the upper part. In 
the upper 20 or 25 feet of the formation in the 
vicinity of Sherman the dark clays are inter- 
stratified with beds of sand, one of which, 15 
to 20 feet below the base of the Austin chalk, 
carries vast numbers of the small fluted oyster, 
Ostrea lugubris Conrad. Ten feet below the 
base of the Austin chalk, which in Grayson 
County overlies the Eagle Ford, is a conglom- 
eratic layer of gray sandstone, carrying numer- 
ous more or less rounded phosphatic pebbles, 
shells of Ostrea alifera Cragin, and fish teeth, 
of which shark teeth are common. This is the 
'* fish-bed conglomerate'* of Taff, * which in 
the opinion of the present writer (see p. 149) 
should not be included in the Eagle Ford but 
should be regarded as the base of the sedi- 
ments that have their typical expression in the 
Austin chalk. 

The formation outcrops in an east-west belt 
through the northern part of Grayson County 
and the northwestern part of Fannin County, 
but the belt is sharply deflected to the south in 
northwestern Fannin County, where it passes 
around the southeast end of the Preston anti- 
cline. In the northern part of Fannin County 
the formation passes imder the Pleistocene 
terrace deposits of the Red River valley; east 
of Fannin County the only place where it has 
been certainly recognized in surface outcrops 
is Garretts Bluff, in the northwestern part of 
Lamar Coimty. Two localities where the for- 
mation can be advantageously studied in 
northern Fannin County are at Sowells BluflF, 
on Red River 5 miles northwest of Ivanhoe, 
and in deep ravines in the westward-facing 
slope of the Red Rfver valley 6 miles north of 
Ivanhoe. At the last-named locality, where 
approximately 140 feet of strata are exposed, 
the upper part of the section exhibits a larger 

1 Texas Oeol. Survey Fourth Ann. Rept., for 1882, pp. 299-^04, 1893. 
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proportion of sandstone than is typical of the 
formation, and some beds of the sandstone are 
cross-bedded, simulating the Woodbine sand. 
Below this dominantly sandy portion, 40 or 50 
feet below the top of the section, is a gravel 
layer generally less than a foot thick, composed 
chiefly of dark, smooth pebbles which have not 
yet been critically studied. This may repre- 
sent the "fish-bed conglomerate,*' in which 
case both the pebble layer and the beds above 
it, including the dominantly sandy strata, 
should, in the writer's opinion, be excluded 
from the Eagle Ford formation. Character- 
istic Eagle Ford fossils have been obtained 
from wells in northeastern Louisiana.^ 

West of Sherman and Denison the belt of 
outcrop bends nearly due south and is traceable 
through Texas to the Rio Grande, which it 
intercepts in ELinney and Valverde counties. 
Well records show the formation to be 535 feet 
thick in the western part of CoUin Coimty, 
Tex., and 460 to 485 feet in the vicinity of 
Dallas; south of Dallas it becomes thinner, 
reaching a minimum of about 30 feet at Austin ; 
southwestward and westward from Austin the 
thickness again increases, being 75 feet or more 
in the Uvalde quadrangle and about 250 feet in 
the Brackett quadrangle. 

The sandy beds at the top of the Eagle Ford 
liave been traced from the vicinity of Sherman 
eastward through Grayson Co\mty and north- 
eastward to about the north-central part of 
Fannin County. Good exposures of the sandy 
l>eds occur in the vicinity of Bells in eastern 
Grayson Coimty. A mile west of Bells the 
east-west public road that runs about a quarter 
of a mile south of the Texas & Pacific Railway 
crosses a layer of ferruginous sandstone at the 
liead of a northward-flowing branch of Mill 
Creek, which probably represents the ''fish-bed 
conglomerate." (See p. 146.) The sandstone 
is underlain by 4 or 5 feet of dark greenish-gray 
massive sand, and in succession down the 
ravine follow 35 or 40 feet of more or less argil- 
laceous fine sand, with layers of soft yellow 
sandstone at intervals, and about 40 feet of 
dark shaly gypsiferous septaria-bearing day, 
typical of the Eagle Ford clay. 

Another good exposure of the sandstone 
layer ("fish-bed conglomerate'*) occurs in an 
east-west public road on the westward-facing 

^Ifatson, O. C, The !>• Boto-Red Rlrer oil and gas field. La.: U. 8. 
OeoL SuiT^ BuU. flftl, p. lH, 1917. 



slope of the 'MSI Creek valley 2 miles in an air 
line southwest of Bells, where it is underlain 
by 15 or 20 feet of fine gray massive marine 
sand. The base of the Austin chalk appears 
at a higher level in the same road a short dis- 
tance east of the outcropping ledge of sand- 
stone, from which it is separated by 10 or 15 
feet of poorly exposed strata, apparently clay. 

From the vicinity of Bells eastward these 
upper sandy beds of the Eagle Ford have pro- 
duced a narrow belt of country characterized 
by sandy soil and rougher topography than 
that exhibited by the adjacent land either to 
the north or to the south. Outcrops of the per- 
sistent '* fish-bed conglomerate" occur here and 
there just above the sand and serve as a check 
to the correlation of this sandy member of the 
Eagle Ford, which crosses the headwaters of 
Caney Creek 2^ miles southeast of Bells and, ap- 
proximately paralleling this creek, swings 
around the plunging nose of the Preston anti- 
cline and extends to the northeast past Lesleys 
schoolhouse, Ekstor, and Ravenna, in Fannin 
County. The ''fish-bed conglomerate" ia more 
fully described on pages 148-149. 

The upper part of the Eagle Ford formation 
is exposed in a branch west of a north-south 
road and south of an east-west portion of the 
same road 3 miles south of Ravenna. Imme- 
diately below the conglomerate at the locahty 
shown in Plate XXVII, JS, is 5 feet of fine 
argillaceous marine sand, near the top of 
which was observed a large piece of lignite. 
Within about a quarter of a mile farther down 
the branch occur good exposures of typical 
dark shaly gypsiferous clay of the Eagle Ford 
formation; interbedded with this clay are 
subordinate layers of fine-grained sandstone 
and a few layers and lenses of gray calcareous 
earthy rock that exhibits finely developed 
cone-in-cone structure. In places thick layers 
of this earthy rock surround apparently con- 
cretionary masses of limestone. Several speci- 
mens of Ostrea lugubris Conrad were found loose 
in the bed of the creek below the outcrop of the 
conglomerate and probably came frotn some 
bed in the upper part of the Eagle Ford. 

Some of the common fossils of use in recog- 
nizing the Eagle Ford formation are Ostrea 
lugubris Conrad, 0. alifera Cragin, fish teeth 
belonging to the species Ptychodus whipplei 
Marcou, Inoceramua labiaius Schlotheim, L 
frag%l%9 Hall and Meek, and small keeled ammo-' 
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nites belonging to Prionatropis or Prionocydus, 
or to both. Of these the first three occur only 
in the upper 40 or 50 feet of the formation. 



AUSTIN CHALK. 



TYPICAL A&EA. 



Tlie Austin chalk is typically exposed in the 
vicinity of Austin, Travis County, Tex., where 
it rests upon the Eagle Ford clay, is approxi- 
mately 410 feet thick, and consists of white 
chalky limestone in beds of varying thickness, 
with interbedded marly layers in its upper two- 
fifths. Some of the common fossils that are 
especially characteristic of the formation are 
the following: 

Inoceramus undulato-plicatus Roemer. 

Ostrea aff. O. diluviana Lamarck (uppermost part). 

Grypha?a aucella Roemer. 

Exogyra ponderosa Roemer (upper half). 

Exogyra laeviuscula Roemer (upper half). 

Radiolites austineneis Roemer. 

Mortoniceras texanus (Roemer). 

The Austin chalk extends from the Rio 
Grande in Maverick Coimty, Tex., eastward by 
way of Uvalde to San Antonio, thence north- 
eastward to Austin, and thence northward by 
way of Waco and Austin to Grayson County. 
From Austin northward the chalk thickens, 
and its upper surface appears gradually to 
transgress upward across the geologic column, 
or, in other words, to become younger, until 
in the latitude of Sherman the uppermost bed 
of chalk is considerably younger than the top 
of the chalk at Austin and occupies a position 
stratigraphically 400 or 500 feet higher. The 
exact manner in which this upward transgres- 
sion takes place, whether by a gradual rise or by 
minor tongues of chalk at successively higher 
positions, has not been determined, very Uttle 
detailed field work having been done in the 
intervening area. 

DEVZLOPMEHT IN N0STBEA8TEBH TEXAS. 
8AUENT FEATURES. 

In the Sherman-Greenville section the Aus- 
tin chalk is probably not less than 1,000 feet 
thick. In the eastern part of Grayson County 
and the western part of Fannin County, how- 
ever, the lower two-fifths or more of the chalk 
becomes impure and gradually passes laterally 
into nonchalky sands and clays and only 
slightly chalky clay marls. In a section drawn 
through Bonham, Fannin County, and Com-| 



merce. Hunt County, the succession of recog- 
nizable and mappable lithologic units is de- 
cidedlv diiBferent from that in the latitude of 
Austin. In Collin, Hunt, and Delta counties 
other lithologic changes have taken place in 
beds above the chalk, representing the upper 
part of the Taylor marl, and these changes add 
further contrast to the section in northeastern 
Texas as compared to that in the Austin region. 
These relations are diagraromaticaily shown in 
Plat« XXX, a 

In the Bonham-Commerce section the fol- 
lowing divisions, named in ascending order, to- 
gether represent the chalk and its equivalents 
in this area: A band of basal nonchalky clay 
and sand 10 to 35 feet thick, with the "fish- 
bed conglomerate" described below, at its base, 
all mapped with the Ector tongue; the Ector 
tongue of the Austin chalk; an unnamed transi- 
tional clay in the vicinity of Bonham (p. 150) ; 
and the Annona tongue of the Austin chalk. 
(See PI. XXX, C.) 

In the longitude of Paris, Lamar County, the 
chalk and its equivalents include imperfectly 
known beds, probably clay, sand, and marl, 
representing the eastward extension of the 
Ector tongue and part of the clay in the vicin- 
ity of Bonham; the Blossom sand; the Browns- 
town marl; and the Annona tongue of the Aus- 
tin chalk. (See PI. XXX, C.) 

UNNAMED CLAYd AND SANDS CONTEMFORANEOUB WITH 
BASAL PABT OF TYPICAL AUSTIN CHALK. 

Phosphatic pebbles occur in the base of the 
Austin chalk, immediately above its contact 
with the underlying Eagle Ford formation, in 
a quarry of the Texas Portland Cement Co., 
3 miles west of Dallas, Tex. (See PI. XXVII, 
A.) In Grayson County, Tex., a conglomer- 
atic layer, a few inches to 30 inches thick, 
called by Taflf ^ the "fish-bed conglomerate/' 
occurs 10 feet below the base of the chalk, with 
beds of shaly clay and sand intervening. From 
Grayson County the conglomerate extends east- 
ward into Fannin County, where from west to 
east the interval between the conglomerate and 
the base of the overlying chalk, which is here 
the Ector tongue of the Austin, gradually in- 
creases until in the vicinity of Ector and Ka- 
venna it is not less than 35 feet. Between 
Ector and Ravenna, in Fannin County, the 
material in this interval is mostly greenish cal- 

> Texas Gaol. Surrey Fourth Ann. Rept.,pp. 308, 304, IMISL 
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careous sbaly clay becomiBg more or less sandy, 
with lenses of sand and sandstone in the lower 
10 feet. Ldthologically the clay is of lighter 
color than the typical clay of the Eagle Ford. 

The "fish-bed conglomerate'' is well exposed 
in a branch west of a north-south public road 
3 miles south of Rayenna, where it forms a 
ledge across the bed of the stream. (See PI. 
XXVII, B.) At this place it consists of a con- 
glomeratic layer about 10 inches thick com- 
posed of coarse calcareous sand, grayish and 
brownish phosphatic pebbles, a few pebbles 
of quartz and chert, and scattered shark teeth. 
One specimen of Ostrea alifera Cragin was ob- 
tained from the conglomerate at another out- 
crop in an east-west road about a quarter of a 
mile northwest of this locality, where also a 
thin interbedded layer of earthy limestone 
exhibiting cone-in-cone structure was noted. 
One pebble from the conglomerate was exam- 
ined qualitatively by W. B. Hicks in the 
chemical laboratory of the United States Geo- 
logical Survey and found to be composed chiefly 
of calcium phosphate. The conglomerate is 
here about 35 feet below the base of the Ector 
tongue of the Austin chalk (see PL XXX, 0), 
and apparently the intervening strata are 
chiefly greenish shaly clay. 

A gravel bed that may represent the north- 
eastward continuation from the preceding 
locality of the '^ fish-bed conglomerate'' is de- 
scribed on pages 146-147. 

The significance of the ''fish-bed conglom- 
erate" in the geologic history of this part of 
Texas has not . been definitely determined. 
Heretofore the conglomerate, together with 
the 10 to 35 feet of clay and sand that intervene 
between it and the overlying chalk, have been 
regarded as forming the uppermost part of the 
Eagle Ford. The conglomerate, lying imme- 
diately above sandy beds that are obviously of 
shallow-water marine origin, strongly suggests 
a temporary uplift of the sea bottom of this area 
above sea level, followed soon after by a read- 
vance of the sea and the formation of the pebble 
bed as a basal conglomerate marking the begin- 
ning of the cycle of deposition that has its typi- 
cal expression in the Austin chalk. This inter- 
pretation, if found to be correct, would seem 
to necessitate the exclusion of the conglom- 
erate and the overlying clay and sand from 
the Eagle Ford. Such Eagle Ford fossils as 
the conglomerate may be foimd to contain can 



be explained as having been mechanically intro- 
duced from underlying Eagle Ford strata in 
place. 



ECTOR TONOX7B. 



The Ector tongue of the Austin chalk, a thin 
tonguelike projection of chalk from the basal 
beds of the main body of the Austin, has been 
traced, by means of a few outcrops and the 
black soils to which the chalk weathers, from 
western Fannin Coimty northeastward to a 
point about a mile and a half southeast of 
Ravenna. (See PI. XVII.) Ector, from which 
the tongue is named, is a few hundred yards 
west of the belt of outcrop, which is rather 
strongly deflected where it passes around the 
southeastern nose of the Preston anticline. 
Only 10 or 15 feet of the chalk was seen in the 
best exposures, and it probably does not ex- 
ceed 50 feet in thickness in the vicinity of 
Ector. The Ik^tor tongue is underlain by shaly 
clay, which apparently grades into the chalk 
through a thickness of only a foot or two of 
material. This clay, together with thin beds 
of sand and a basal conglomerate ('* fish-bed 
conglomerate") associated with it, are re- 
garded as distinct from the Eagle Ford forma- 
tion and as more closely related in origin to the 
overlying Austin chalk and its equivalents. 
(See above.) These basal beds are mapped 
with the Austin chalk and its extension, the 
Ector tongue. No exposures of the Ector 
tongue showing clearly its relation to the clay 
of Austin age that overlies it were seen. 

The chalk is poorly exposed in the public 
road north of the Texas & Pacific Railway 
about a quarter of a mile east of Ector. 

Another exposure appears in an east-west 
public road about 3 miles north by east of 
Ector, or 5i miles northwest of Bonham; here 
several feet of the chalk is underlain by clay, 
the passage from the clay to the chalk appar- 
ently being transitional through a thickness of 
a foot or more of material. 

In other exposures revealed, by a small branch 
and gullies west of a north-south public road 
3 miles south of Ravenna the weathered rock 
has the appearance of typical chalk of the 
Austin and yielded the characteristic fossils. 
Gryphaea auceUa Roemer and Radiolites aus- 
tinensis Roemer. As noted above, the "fish- 
bed conglomerate" crops out in the bed of 
I the branch and in em east-west public road less. 
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than tt quarter of a mile west of this locality, 
in a position about 35 feet stratigraphically 
lower than the base of the chalk. 

The belt of chalk of the Ector tongue crosses 
the old Bonham-Ravenna road about 1^ miles 
southeast of Ravenna, where the chalk was 
seen in a small, poor exposure in the road ditch. 
This is the easternmost locality at which this 
chalk has been recognized, and its identifi- 
cation farther east would probably be accom- 
plished with diflSculty, owing to the extensive 
covering of Pleistocene alluvial deposits in a 
broad belt south of Red River in Fannin and 
Lamar counties. It is assumed for the present 
that the chalk loses its identity toward the east 
by merging into contemporaneous nonchalky 
days or sands. 

The structure contours in the vicinity of 
Savoy, Ector, and Ravenna shown in Plate 
XVII indicate the altitude above sea level of 
the base of the Ector tongue. 

TRANSITIONAL CLAT8 NEAR BONHAM. 

The Ector tongue of the Austin chalk is over- 
lain in the west-central part of Fannin County 
by greenish-gray waxy clay, weathering yel- 
lowish green, which in the Bonham region 
appeal's to occupy the entire interval of approx- 
imately 400 feet above the Ector tongue and 
below the Annona tongue of the Austin. Ex- 
posures of the day appear in roads and streets 
both north and south of Bonham and in the 
ditches of the roads leading to the north, north- 
west, west, and southwest. As considerable 
areas bordering Bois d'Arc Creek are covered 
by terrace clay derived chiefly from the xmder- 
lying Cretaceous clay, it is in places difficult to 
determine whether the more or less weathered 
materials are residual from the undisturbed 
older day or from the reworked terrace deposits. 

A little above the middle of this body of clay 
is a band of glaiiconitic clay, of undetermined 
thickness, that is lithologically identical with 
pockets or lenses of glauconitic clay in the 
Blossom sand near Paris, Lamar Coxmty. This 
band has been recognized in poor exposures in 
street ditches south of the railroad in Bonham, 
and in somewhat better exposures on the Ran- 
dolph road 5 and 6^ miles by the road south- 
west of Bonham. At the last-mentioned local- 
ity the clay is calcareous and strongly glau- 
conitic and contains fragments of a large 
species of Inoceramus^ Ostrea congesta Conrad, 



and Ostrea plumoaa Morton. These fossils, 
though in themsdves not conclusive evidence, 
combined with the lithologic evidence men- 
tioned above indicate that the glauconitic day 
represents the Blossom sand. A layer of im- 
pure sandy limestone exposed in a small 
branch at the crossing of the road to Prospect 
Church, 3 miles northwest of Dodd City, Fan- 
nin Coimty, yielded AguUariaf, Inoceramtis 
sp., Ostrea plumosa Morton, Gryphaea aucella 
Roemer, BuculUes asper Morton, and Priono- 
tropiat. These fossils indicate that this local- 
ity also lies within the bdt of clay representing 
the Blossom sand. 

The upper part of the day in the vicinity of 
Bonham above the glauconitic band is green- 
ish and waxy and contains a few calcareous 
septaria; it represents the Browngtown marl, 
which, in the vicinity of Paris, lies above the 
Blossom sand and below the Annona tongue of 
the Austin chalk. (See PI. XXX, (7.) 

In Plate XXX, C, the clay in the vicinity of 
Bonham \& represented as merging toward the 
west through calcareous day into the Axistin 
chalk. That this interpretation is correct, 
and that the merging takes place gradually 
through a considerable linear distance, ap- 
pears to be confirmed by all the observations 
that have been made in the area. On the 
strike of the clay in the area between Bells 
and Whitewright, in eastern Grayson County, 
the rock underlying the surface is composed 
largely of impure argillaceous chalk and chalky 
clay that appear to be transitional, and even as 
far west as the vicinity of Luella, in the east- 
central part of Grayson County, a considerable 
> thickness of the Austin is a highly argillaceous, 
slightly bituminous shaly chalk or chalky clay. 
This facies of the Austin is exposed in gullies 
in the small branches of Cedar Creek near 
Luella and in the northward-flowing branches 
and northward-facing slopes of Choctaw Creek 
north of Luella. 

The lower part of the day in the vidnity of 
Bonham has not been traced farther east than 
the central part of Fannin County, beyond 
which in northeastern Fannin and northern 
Lamar counties the strata are largdy obscured 
by an extensive covering of Pleistocene allu- 
vial terrace deposits and are therefore imper- 
fectly known. However, the distribution and 
rdations of the clay seem to indicate that 
either it or equivalent material that is litho- 
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logically different, such as sand or marl, ex- 
tends eastward stratigraphicaUy beneath the 
Blossom sand. (See PI. XXX, (7.) 

ANNONA TONOUB. 

The division to which the name Annona fa 
now applied was originally called the ''White 
Cliffs chalk" by Hill,^ from White Oiffs village 
and bluff, on Little River, Little River County, 
Ark. Because "White Chffs" was preoccu- 
pied as a formation name, HiU, in 1901,' re- 
named the chalk Annona, from the town of 
Annona, in Red River County, Tex. The new 
name was inappropriate, for Annona fa sev- 
eral miles south of the belt of outcrop of 
the chalk, but the name has become so com- 
monly used that it should be retained, with the 
understanding, however, that the chalk does 
not outcrop at Annona — ^in fact, the section 
at White Cliffs, Ark., should continue to be 
regarded as the type locality of the divfaion. 

Hill* regarded the Annona as stratigraph- 
icaUy higher than the Austin as developed in 
its type area, for he says : 

It 18 not known what has become of the Austin chalk in 
this section [Paris, Tex.], but my hypothesis, backed by 
some evidence, is that to the southward it has been faulted 
down. The Anona (White GlifiEs) is an entirely distinct 
and higher bed, for it is underlain by the Taylor (Exogyra 
ponderoaa) marls, which overlie the Austin chalk. 

In a later report ' he says: 

The chalky (Anona) beds (the White Cliffs chalk of the 
writer's Arkansas section) outcrop at Clarksville and thence 
-via Paxton [Roxton] and Honey Grove nearly to Bonham 
but are not known south of these points. The writer has 
considered this chalk to represent a higher horizon than 
the Austin chalk, but its exact relationship is subject to 
future detennination. 

Outcrops of chalk north of Windom and 
Honey Grove, in Fannin County, which in 
reality lie within the belt of outcrop of the An- 
nona, were regarded by Hill * as belonging to 
the Austin. 

Taff * recognized the geographic continuity of 
the Austin and Annona and also the fact that 
the lower part of the Austin is represented in 
northeastern Texas by beds that are not typical 
chalk. He says: 

The lower part of the thick chalk formation of north 
Texas changes to marl in the vicinity of Sherman, and 

1 Arkansas 0«ol. Survey Ann. Rept. for 1888, vol. 2, pp. 87-89, 1888^ 
«XJ. 8. Oeol. Surrey Ttrenty-flrst Ann. Rept., pt. 7, p. 341, 1001. 
>Geol. Boc. America Bull., vol. 5, p, 308, 1894. 
«U. 8. Geol. Survey Twenty-first Ami. Rept., pt. 7, pi. 66, 1901. 
• U. 8. Oeol. Survey Twenty-second Ann. Rept., pt. 3, pp. 60S-409, 
fig. 58. 1902. 



Still farther east higher beds succesBively become chalky 
marl, so that within a comparatively short distance only 
the upper part of the chalk formation as it occurs farther 
south is true chalk. In other words, the white chalk 
transgresses upward in the series of Cretaceous rocks from 
the vicinity of Sherman, Tex., eastward into Arkansas. 

It is not quite clear from this quotation 
whether Taff regarded the Annona as actually 
younger than the upper part of the type Austin, 
or whether the last sentence of the quotation 
refers only to an upward transgression of the 
base of the chalk. 

Gordon • also recognized the continuity of 
the Austin and Annona but did not detect the 
upward transgression of the top of the chalk 
across the geologic column from Austin north- 
ward. He therefore combined the Annona 
chalk and underlying Brownstown marl under 
the name Austin group, which he represented 
as occupying the time interval of the typical 
Austin of central Texas. 

The Annona tongue in northeastern Texas 
consists of 400 or 450 feet of bluish-gray brittle, 
more or less argillaceous chalk, which breaks 
with a conchoidal fracture and weathers to 
white bald spots such as are typical of the area 
farther south in Texas underlain by the main 
body of the Austin chalk. The chalk is slightly 
bituminous, fresh samples from practically any 
part of it having a decided bituminous odor 
when struck with the hammer and yielding 
small quantities of oil by destructive distilla- 
tion. The Annona has been traced almost con- 
tinuously from a point north of Annona, in 
Red River Coimty, through Lamar and Fannin 
counties to the southwestern part of Fannin 
County, where it is found to be continuous with 
the upper part of the main body of the Austin 
chalk (see PI. XVII and PL XXX, 0), and 
for that reason it is here regarded as a tongue 
of the Austin formation. No good exposure 
was found showing the relation of the Annona 
tongue to the underlying Brownstown marl, into 
which, however, the chalk probably merges 
through a vertical transition zone. 

The upper 5 to 10 feet of the Annona in parts 
of northeast Texas consists of soft, tough, 
uniform chalk, which weathers to a soft cream 
color and is«capable of being readily sawed into 
building blocks. It has been used locally in 
the construction of foundations, chimneys, 
dweUings, stores, churches, and courthouses. 

• Gordon, C. H., U. 8. GeoL Survey Water-Supply Pap« 376 pp. 
21-26, 1911. 
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As a building stone, this rock appears to be 
durable and is of pleasing appearance; in its 
toughness and lack of brittleness the rock is in 
strong contrast to the chalk immediately under- 
lying it and to the ordinary chalks of the Cre- 
taceous formations of the Gulf Coastal Plain. 
The building-stone faci^ appears to be rather 
sharply separated from the overlying Taylor 
marl and forms a persistent stratum that has 
been traced from a point south of Atlas, in 
Lamar County, to Bailey, in Fannin County. 
It was not seen in the vicinity of Leonard, 
Fannin County, but rock of apparently iden- 
tical physical character crops out on the hUls 
4 miles east of McKinney, in Collin Coimty, 
where it has been quarried for building stone, 
and similar rock has also been quarried about 
4 miles east of Allen, Collin County. 

About 13 miles east of ClarksviUe the Annona 
passes under the alluvium of Red River, 
beneath which it is concealed to the Arkansas 
boundary, but the chalk reappears at Rocky 
Comfort, in the southwestern part of Little 
River County, Ark., and again at White Cliffs, 
on Little River in the same county. It passes 
as a narrow belt through the southeastern part 
of Howard County and thins and disappears in 
the western part of Hempstead County. 

The set of structure contours on the geo- 
logic map (PI. XVII), extending from the area 
north of Honey Grove southwest by west to 
Randolph, Fannin County, indicates the alti- 
tude above sea level of the sloping base of the 
Annona tongue of the Austin chalk; the broad 
eastward deflection of these lines south of Bon- 
ham marks the eastward extension of the 
plunging nose of the Preston anticline. The 
set of contours extending from the area south 
of Honey Grove, southwest by w^est past Gober 
and Bailey to Leonard, Collin County, indi- 
cates the altitude of the top of the Annona 
tongue; the slight eastward deflection of these 
lines northeast of Gober probably approxi- 
mately marks the dying out of the uplift that 
produced the Preston anticline. The some- 
what more pronounced southward deflection 
of these same contour lines at Leonard marks 
another structural feature that is described on 
page 161 as the Leonard-Celeste monoclinal 
fold. 



BLOSSOM SAND. 

The sand to which the name Blossom is ap- 
plied was first recognized by Veatch ^ in wells 
at ClarksviUe, Red River County, where it 
constitutes an important water-bearing for- 
mation; he called it the "sub-ClarksviUe sand." 
Gordon ' renamed the sand the Blossom sand 
member of the Eagle Ford clay, correlating it 
especially with the sandy beds that form the 
upper part of the Eagle Ford in the vicinity of 
Sherman, in Grayson County, an interpreta- 
tion which, as shown by the abundant evidence 
presented in this paper, is incorrect. 

The Blossom sand, which Gordon described 
as '* brown sandy ferruginous glauconitic beds 
interlaminated with thin beds of clay, is over- 
lain by the Brownstown marl and forms a belt 
of sandy country several miles wide extend- 
ing westward through Red River County north 
of ClarksviUe; thence westward through Lamar 
County, where Blossom and Paris are on the 
outcrop; thence westward into Fannin County, 
where north of Dodd City it merges into clay 
(see PI. XXX, (7), changing its topographic and 
much of its Uthologic character. However, 
the clay into which it merges toward the west 
retains its characteristic glauconitic content 
and is traceable past the south side of Bonham 
to a point about halfway between Ector and 
Randolph. Some f acies of the sand are strongly 
calcareous and are chalky in appearance. 

Fossil evidence indicates that the Blossom 
sand corresponds in age to the upper part, 
perhaps the upper half, of the Austin chalk as 
developed in the type area in Travis County. 
The fossils Usted in the table below have been 
collected at a sufl^cient number of localities 
between Blossom, in Lamar Coimty, and a 
point southwest of Bonham, in Fannin County, 
to amount to a virtual tracing of the beds 
throughout this distance of about 50 nules. 
At least eleven of the species are common to the 
Austin chalk of the type area, whereas no Eagle 
Ford species appear in the list. Synchroneity 
with the upper part of the type Austin is espe- 

1 Veatch, A. C, Geology and underground water resouroes of northern 
Louisiana and southern Arkansas: U. 8. Geol. Survey Prof. Paper 46, 
p. 25, 1908. 

* Gordon, C. H., Geology and underground waters of northeastern 
Texas: U. S. GeoL Survey Watei>Supply Paper 276, p. 19, 1911. 
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cially indicated by the following forms: Ino- 
cerajnus aff. /. def&rmis Meek, Oatrea congesta 
Conrad, Oatrea aff, 0. dihivianOi Linn4, Qryphaea 
auctUa Roemer, Exogyra ponder osa Roemer, 
lAopisiha elegantvla (Roemer) 1 and Baculites 
<ispeT Morion. 

The paleontologic evidence that the Blos- 
som sand ia younger than the Eagle Ford is 



supplemented by the lithologic evidence, for 
hand specimens of glauconitic clay collected 
on the Randolph road 5 to 6^ miles southwest 
of Bonham, Fannin County, in a bed that is 
stratigraphicaUy well above the top of the 
Eagle Ford, are identical in physical aspect 
with specimens from undoubted Blossom sand 
near Paris, Lamar County. 



FtiuU ipede* from tht Biottom tand in Fannin, Lamar, and Red River 
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BBOWNSTOWN MARL. 

The Brownstown marl in its type area in 
Arkansas^ consists of about 600 feet (?) of blue 
or gray calcareous clay or marl lying above the 
Bingen sand and below the Annona tongue of 
the Austin chalk. In northeastern Texas the 
Brownstown overUes the Blossom sand and 
underlies the Annona tongue, but its thickness 
probably does not exceed 300 or 360 feet. In 
Texas the marl resembles m a general way that 
of the type area, though some of it consists of 
gray waxy day that is only slightly calcare- 
ous. Calcareous septaria have been observed 
in the clay in places in Lamar and Fannin 
coimties. In general the soils produced by the 
Brownstown are of gray aspect and are in 
fairly strong contrast to the deep black soils of 
the Annona chalk on the south. The Browns- 
town marl extends westward, merging into the 
upper part of the clay in the vicinity of Bon- 
ham, Fannin Coimty, and this clay in turn 
merges toward the west into the Austin chalk, 
as described on page 150. 

The paleontologic character of the Browns- 
town marl has been only superficially studied. 
Probably the most common fossil species other 
than those of microscopic size is Exogyra pon- 
lerosa Roemer, which is very abundant in 
places in Texas and Arkansas. The following 
species have been recognized in the formation 
in Arkansas: 

Hamulus major Gabb. 
Hamulus onyx Morton. 
Ostrea plumosa Morton. 
Exogyra ponderosa Roemer. 
Anomia argentaria Morton. 
Paranomia scabra (Morton). 
Liopistha (Cymella) bella (Conrad)? 
Crassatellites conradi (Whitfield)? 
Cyprimeria depresaa (Conrad). 
Corbula crasaiplica Gabb. 
Turritella quadrilira Johnson. 
Baculitee asper Morton. 

When the Upper Cretaceous section of 
northeastern Texas is compared with that of 
Colorado River in Travis County near Austin 
it appears that the Brownstown marl is the 
equivalent in age of the lower part of the 
Taylor marl. This relation is indicated by 
red line c in Plate XXX, C. 

1 U. 8. GeoL Survey Prof. Paper 4e. p. 25, 1900. 



TAYLOR MARL. 
TTPZCAL AREA.' 

The Taylor marl is typically developed in 
the vicinity of Taylor, Williamson County, 
and in Travis County, Tex., where it consists 
of 540 feet or more erf ** bluish unctuous marly 
clay which weathers into yellow laminated 
subsoil and black surface soil."' The forma- 
tion conformably overUes the Austin chalk 
and is in turn conformably overlain by the 
Navarro formation. The most conmion and 
conspicuous fossil in the Taylor is Exogyra 
ponderosa Roemer, which is particularly abun- 
dant in the lower part of the formation but 
which is also common in places m the upper 
part of the formation. 

DEVZLOPKBITT IN VORTKZASTSRir TXXA8. 

SALIENT FEATURES. 

The Taylor marl of northeastern Texas 
occupies the interval between the imderlying 
Annona tongue of the Austin chalk and the 
overlying Navarro formation and has an 
estimated thickness of 500 to 600 feet of strata. 
The correlation diagram (PI. XXX, C) shows 
that the Taylor of this area represents only 
the upper part, perhaps not more than the 
upper half, of the formation as developed in 
its type area in Williamson and Travis coun- 
ties. This difference in the time limits of the 
formation is due to the upward transgression 
of the top of the Austin from Travip County 
northward. Approximately the lower 476 feet 
of the Taylor as developed in Fannin and Hunt 
counties consists mainly of gray or bluish-gray 
calcareous shaly clay or marl, some portions of 
which are finely sandy; these deposits are of 
similar Uthologic character to the typical 
Taylor marl of central Texas. 

The basal part of the Marlbrook marl of 
southwestern Arkansas, which rests upon the 
Annona chalk and contains Exogyra ponderosa 
Roemer, probably corresponds to at least a 
part of the Taylor marl of northeastern Texas. 
The upper part of the Marlbrook, which carries 
Exogyra cancdlata Stephenson, though per- 
haps continuous with the Taylor, is younger 
than the Taylor and corresponds in a^e with 

xu. 8. Ged. Surrey Geol. Atlas, Austin foUo (No. 76), oolumuu 
■eotlon 1, 19Q2. 
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the base of the Navarro — that is, with the 
beds containing Exogyra cancdUUa — that lie 
above the Pecan Gap chalk member of the 
Taylor. This age relation is explained by an 
assumed transgression of the Taylor marl 
upward in the geologic colunm from Hunt and 
Fannin counties, Tex., eastward toward Arkan- 



The clay is overlain by the Wolfe City sand 
member, described in greater detail below, 
and this in turn is followed by the Pecan Gap 
chalk member of the Taylor, also described 
below, the estimated thickness of which is 
between 25 and 50 feet. 

WOLFB CITT BAND MBMBBB. 

The Wolfe City sand member of the Taylor 
marl consists of 75 to 100 feet of fine cal- 
careous gray sand or sandy marl with a few 
roimd, oval, or irregular concretions of cal- 
careous sandstone. The sand weathers to 
greenish yellow. Near the middle of the 
member is a more or less persistent layer of 
highly fossiliferous calcareous sandstone of 
varying thickness, which contains a moderately 
large but as yet only superficially studied 
moUuscan fauna. (See PI. XXIX, B.) Some 
beds of calcareous clay occur in the upper part 
of the member, between the indurated layer 
and the overlying Pecan Gap chalk member. 
Several incomplete sections of the sand are 
described below. 

Wolfe City, Hirnt County, is situated on the 
sand, but only small, poor exposures were seen 
within the town limits. The following section, 
representing about the middle portion of the 
member, is afforded by a cut of the Gulf, 
Colorado & Santa Fe Railway, 1^ miles east 
by north of Wolfe Qty. (See PI. XXIX, B.) 



Feet. 



Section in cut of OtU/t Colorado 6c Santa Fe Railway ^ 1^ 
milee east by north of Wolfe City, Tex. 

Wolfe City sand member of Taylor marl: 

Poorly exposed yeSlowiah, highly calcareous 
sand from which westher many small irregular 
gray sandy concreaons of calcium carbonate. 
ContainB Exogyra ponderosa Roemer, Anomia 
argentaria Morton, and Ostrea plumoea Morton 8 
Irregular concretionary layer of yellowish- 
green fine highly fossiliferous sandstone. 

See list of fesmls below 1-2} 

Fine yellowish-green calcareous sand with 
poorly preserved fossil prints 6 



Among the fossils recognized in the indu- 
rated layer in the preceding section were the 
following: 

inoceramuB sp. 

Pecten sp. 

Liopistha (Gymella) bella (Conrad). 

Cardium (Griocardium) sp. 

Leptosolen biplicatus Conrad. 

Corbula craasiplica Gabb. 

Cymbophora sp. 

Panope sp. 

Gastrochaena sp. 

Turritella trilira Conrad. 

Anchura? 

Pugnellus sp. 

Morea sp. 

Schizobasis sp. 

Baculites asper Morton. 

Scaphites (two or more spedes). 

The sand and characteristic included con- 
cretions are exposed in shallow cuts of the rail- 
road for the next 2 or 3 miles to the east. 

Good exposures of the sand occur in ditches 
paralleling the Gulf, Colorado & Santa Fe 
Railway four-fifths of a mile to 1 mile east of 
Pecan Gap, Delta County, where the aggre- 
gate thickness revealed is probably 25 or 30 
feet. The Pecan Gap chalk is exposed strati- 
graphically above the sands in a cut about half 
a mile east of Pecan Gap. 

In the public road at Webb HiU, on the 
northward-facing slope of the South Fork of 
Sulphur Creek, 4i or 5 miles southwest of 
Wolfe City, the indurated layer exposed in the 
section 1^ miles east by north of Wolf City caps 
the hill and is underlain by about 30 feet of 
well-exposed yellowish-green calcareous sand, 
followed below by 40 or 50 feet of similar ma- 
terial poorly exposed. 

Exposures of the WoHe City sand and the 
characteristic calcareous concretions were ob- 
served in and near the public road 1 to 2 miles 
south of Kingston, Hunt County, in a public- 
road ditch, 4i or 5 miles north by east of Floyd, 
Hunt County, and in hill slopes south of the 
Missouri, Kansas & Texas Railway, about 2} 
miles west of Farmersville, Collin County. 

The Wolfe City sand member has thus been 
definitely traced from a point east of Pecan 
Gap, in Delta County, to a point southwest of 
Farmersville, in Collin County, though its 
boimdaries have been only approximately 
determined. 
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PECAN GAP CHALK MEICBEB. 

The uppermost member of the Taylor marl 
in northeastern Texas consists of about 50 
feet of bluish-gray, slightly bituminous, more 
or less argillaceous and sandy chalk, weather- 
ing to light gray and white, to which the name 
Pecan Gap chalk member is here applied. 
The chalk contains a moderately large fauna, 
most species of which are poorly preserved. 
Tlie lower IQ feet of the chalk is typically ex- 
posed in a cut of the Gulf, Colorado & Santa 
Fe Railway half a mile east of Pecan Gap, 
Delta County, where the section is as follows: 

Section in cut of Gulf Colorado & Santa Fe Railway^ half 
a mile east of Pecan Gap, Tex. 

Pecan Gap chalk member of Taylor marl: Feet. 

Blue mafieive chalk, weathering to light gray 
and white, becoming Fandy, and containing 
many phosphatic casts of molliisks in the 

lower 2 or 3 feet (see list below) 10 

Wolfe City eand member of Taylor marl: 

Fine yellow argillaceous ^and with numeroua 
borings filled with chalk>' material from 
above 2 

Dark to almost black fine sandy clay, poorly 
exposed 2 

The fossils obtained from the Pecan Gap 
chalk at this locality are listed below: 

Cucullaea sp. 

Ostrea plumosa Morton. 

ExQgyra ponderosa Roemer. 

Anomia argentaria Morton. 

Crassatellites sp. 

Cardium sp. 

Gastrochaena sp. 

Gyrodes sp. 

Anchura sp. 

Volutoderma sp. 

Actaeon sp. 

Nautilus sp. 

Baculites asper Morton? 

Baculites sp. 

Another good exposure of the chalk is in 
the bed and banks of a small stream on the 
Cox place, 3 miles east by south of Wolfe City. 
Here the fresh chalk is bluish gray and slightly 
bituminous, and weathers light gray and 
white. The maximum thickness observed at 
any one place along the branch is 6 feet. 
Fossils were recognized afl follows: 

Cucullaea sp. 
Inoccramus sp. 
Ostrea plumosa Morton. 
Gryphaea vesicularis Lamarck, var. 
Exogyra ponderosa Roemer. 



Limasp. 

Paranomia sp. 

Pholadomya sp. 

Veniella sp. 

Crassatellites sp. 

Cardium spillmani Conrad. 

Gastrochaena sp. 

Xenophora leprosa Morton? 

Gyrodes sp. 

Anchura sp. 

Pyropsis sp. 

Volutoderma sp. 

Actaeon? 

Nautilus sp. 

Turrilites? 

Baculites asper Morton? 

Baculites sp. 

A thickness of 5 feet of the chalk was ex- 
amined in the bed of the south fork of Sulphur 
Creek near Wilsons Crossing, 4 J or 5 miles due 
south of Wolfe City, and poor exposures were 
noted in pubUc roads 1 to 3 miles west of Wil- 
sons Crossing in Hunt County. The chalk 
outcrops in the vicinity of Whiterock, a village 
4 miles northeast of Kingston, Hunt County, 
where it is overlain by yellowish, somewhat 
sandy clay marl, and poor exposures of argil- 
laceous chalk were seen in places along the 
pubUc road for 4 or 5 miles south by west of 
Whiterock. The chalk also extends^ at least 2 
miles north of Whiterock, where cisterns have 
been dug into a sandy facies of the member at 
several farmhouses. The chalk belt is crossed 
by the Missouri, Kansas & Texas Railway 
(McKinney branch) at Farmersville, Collin 
County, small exposures appearing on and near 
the railway for a mile or more both east and 
west of the station. The belt is also crossed by 
the St. Louis & Southwestern Railroad about 
midway between Nevada and Lavon, Collin 
Coimty, where an outcrop of the chalk was seen 
in the bank of a small creek. 

The largest collection of fossils yet obtained 
from the Pecan Gap chalk was made by Mr. 
and Mrs. D. A. Saimders, of Greenville, Tex., 
on the Jim Burnett farm, 6 miles northwest of 
Greenville, 1 mile west of KeUog, Himt County. 
This collection was sent to the National Museum 
for identification and was studied, though not 
critically, by the writer, who recognized the 
following forms, many of which were too poorly 
preserved for specific identification: 

Hemiaster aff. H. lacunosus Siocum. 

Hemiaster sp. 

Serpula (two or more species). 
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Cncullaea (two or more spedes). 

Pteriasp. 

InoceramuB sp. 

Ostreasp. 

Giyphaea vesicularia Lamarck, var. 

Exogyra ponderoea Roemer. 

Exogyra ponderoea var. erraticoetata Stepheneon. 

Exogjrra costata Say (a small, nontypical form). 

Pecten quinquecostatus Sowerby. 

Pecten sp. 

Anomia argentaria Morton. 

limasp. 

Trigoniaap. 

Pholadomya ep. 

Modiolus sp. 

Glavagella armata MortonT 

liopistha (Gymella) sp. 

liopistha protexta Conrad? 

Cuspidaria aff. G. jerseyensis Wellar* 

CnssatelliteB sp. 

Radiolites austinensis Roemer. 

Tenea sp. 

Cardium sp. 

Gyprimeria alta Gonrad? 

Legumen ellipticus Gonrad. 

Martesiasp. 

Pleurotomaria sp. 

Gyrodes petrosa (Morton). 

Gyrodessp. 

Tuiritella sp. 

Anchura (two species). 

Pugnellus sp. 

Pyropeis (two species). 

liopeplum sp. 

Volutoderma sp. 

Actaeon? 

Nautilus sp. 

Baculitee (two or three species). 

Tunilites (two species). 

Scaphitea (three or four species). 

Gorax falcatus Agassiz (shark teeth). 

Lamna sp. (shark teeth). 

Gordon * recognized the chalk member to 
which the name Pecan Gap is here applied, but 
he regarded it as a part of the Navarro forma- 
tion and correlated it with the ''Saratoga" 
chalk member of the Marlbrook marl of south- 
western Arkansas. The Pecan Gap fauna, 
however, belongs to the upper part of the 
Exogyra ponderoaa zone, whereas that of the 
** Saratoga" is referable to the upper part of the 
E. canceUata subzone of the Exogyra costaia 
zone, which is definitely younger and higher. 
The possibility is recognized that the Pecan 
Gap chalk may transgress upward in the geo- 
logic column from Delta County, Tex., east- 
ward toward Arkansas, being continuous with 
the '* Saratoga" chalk in Arkansas; however, it 

1 U. 8 Oeol. Survey Water-Supply Paper 276, p. 25, 1011. 
28288^—19 11 



has not been traced across the interval, al- 
though an attempt was made to find it south of 
Clarksville in Red River County. In view of 
the adverse evidence afforded by the faunas, 
therefore, the assumption that the two chalks 
are identical and continuous is not justified by 
the present known facts. 

NAVABBO FORMATION. 

The Navarro formation in northeastern 
Texas consists of marine calcareous shaly 
clays, sandy clays, fine gray sands, and ai^l- 
laceous sands with local indurated portions in 
the form of calcareous septaria or concretionary 
sandstone layers. These deposits are esti- 
mated to attain a thickness of not less than 800 
feet. The formation is probably susceptible of 
separation into at least three members but has 
not yet been studied in this area in sufficient 
detail, either stratigraphically or paleonto- 
logically , to admit of mapping the subdivisions, 
even approximately. 

The lower 300 or 400 feet of the formation 
consists of gray calcareous shaly clay or marl 
that produces a dark-gray or black soil and 
carries a distinctive fauna, the most significant 
species of which are Exogyra canceUaia Stephen- 
son, found at several locaUties near Cooper and 
Greenville, and Anomia teUinoides Morton, 
foimd at one locaUty near the Texas & Midland 
Railroad 2 miles west of Cooper. This is the 
Exogyra canceUata subzone, which forms the 
basal part of the E. costata zone and which has 
been traced throughout the Atlantic and Gulf 
Coastal Plain from New Jersey to Kaufman 
Coimty, Tex., and has been recognized at 
Ciudad del Maiz, San Luis Potosi, Mexico, 
about 440 miles south of Eagle Pass, Tex. This 
subzone is represented in southwestern Arkan- 
sas by the upper half or more of the Marlbrook 
marl with the exception of approximately the 
upper half of the ** Saratoga" chalk member, 
which forms the upper 20 to 25 feet of the 
Marlbrook. 

The basal clays of the Navarro are overlain 
by fine gray sands and more or less sandy clays, 
100 feet or more in thickness, which have been 
only superficially studied in northeastern Texas, 
where they have yielded only a few poorly pre- 
served fossils. These beds correspond approx- 
imately to the Nacatoch sand of southwestern 
Arkansas, which carries a moderately large 
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fauna, and to the sandy beds in the vicinity of 
Kaufman County and near Chatfield and Cor- 
sicana, Navarro County, Tex., which have 
yielded a large and incompletely described 
fauna. The sandy beds are therefore to be 
correlated approximately with the middle 
portion of the Exogyra costata zone of the At- 
lantic and Gulf Coastal Plain. 

Farther south in Texas, from the vicinity of 
Corsicana, Navarro County,*^ to Mexia and 
Groesbeck, Limestone County,^ sand that has 
been correlated with the Nacatoch sand of 
Arkansas is ovedain by over 500 feet of shaly 
clay that probably represents the Arkadelphia 
clay of Arkansas. This higher day has not 
been recognized within the area shown on 
the map accompanying the present report, and 
there is some evidence that it has been cut out 
by a northwestward overlap of Eocene strata. 
The boundary between the Navarro formation 
and the Eocene has, however, not been traced 
in detail in this area. 

TERTIARY SYSTEM. 
BOCBKX SEBIBS. 

The southeastern part of the area under con- 
sideration, including most of Hopkins County 
and the southeastern part of Hunt County, is 
underlain by deposits of sand and day of 
Eocene age, belonging in part to the Midway 
formation and in part to the Wilcox formation, 
which overlies the Midway. The Midway 
rests upon the Navarro formation of the Upper 
Cretaceous, from which it is separated by an 
erosion unconformity representing a long inter- 
val of geologic time. This statement is based 
not upon observations made in this particular 
area, where the contact has not been accu- 
rately determined and traced, but upon the 
known fact that throughout the Atlantic and 
Gulf Coastal Plain the unconformity separating 
Upper Cretaceous deposits from the overlying 
Eocene represents a very long time, during 
which this vast region was above sea level 
undergoing erosion, prior to the later marine 
submergence and deposition of Eocene strata. 

1 Matson, Q.C., and Hopkins, O. B., The Corsicana oil and gas field, 
Tex.: U. S. Oeol. SuireyBoll. 661, pp. 21»-221, pis. 19 and 20, 1917. 

> Matson, O. C, Gas prospects south and southeast ol Dallas: U. 8. 
QeoL Survey B uU. 029, pp. 21, 22, pi. 7, 1910w | 



STRUCTURE. 

OSNERAL BBLATIONS AND ATTTTUDB OF 

DBPOSnS. 



An examination of a generalized geologic 
map of the south-central United States would 
show that the 'vast stretch of the Coastal Plain 
bordering the Gulf of Mexico is underlain by a 
series of sediments of Cretaceous, Tertiary, and 
Quaternary age, and that north and west of the 
Coastal Plain in Arkansas, Oklahoma, and 
central Texas rocks of much greater age, formed 
during Paleozoic and pre-Paleozoic time, appear 
at the surface. In reality the ancient rocks 
underlie the entire Gulf region, forming a sup- 
porting basement for the younger rocks, which 
overlap and conceal them as far northward and 
westward as would be indicated on the general- 
ized geologic map. Along this boundary the 
upper peneplaned surface of the ancient base- 
ment rocks dips beneath the younger deposits, 
becoming deeper gulfward imtil along the coast 
it probably lies too deep to be reached by 
modem well-drilling methods. 

In the area in northeastern Texas now 
under consideration the basement rocks do 
not appear at the surface, but they outcrop 
farther north, 10 to 30 miles north of Red River, 
in the southeastern part of Oklahoma, and far- 
ther west, in Montague and Wise counties, Tex. 
In the northwestern part of the area shown on 
the geologic map (PI. XVII) the basement 
rocks lie in places within 350 feet of the surface, 
and in the southeast comer of the area, where 
their depth is greatest, they are estimated to 
lie between 4,000 and 5,000 feet below the 
surface. 

The dip of the upper surface of the basement 
rocks ranges from 40 feet or less to the mile 
in the western part of the area to 70 feet or 
more to the mile in places in the east-central 
part. At Bowie, Montague County, Tex., 
near the western edge of the outcrop of Creta- 
ceous rocks, the altitude of the surface of the 
basement rocks is approximately 1,100 feet 
above sea level; at Farmersville, Collin County, 
90 miles east by south of Bowie, the basement 
is estimated to lie about 2,800 feet below sea 
level, making a general dip of 43 feet to the 
mile in the intervening area. Near Boggy 



GEOLOGY OF NOBXHEASTBRN TBXA8 AND SOUXHSBN OKLAHOMA. 



159 



Depot, in Atoka County , Okla., the contact 
between the basement rocks and the overlying 
Cretaceous strata is about 550 feet above sea 
level; near Wolfe City, Hunt County, Tex., 64 
miles south by east of Boggy Depot, the base- 
ment rocks are estimated to be 2,800 feet 
below sea level, indicating a general dip of 
52 -f feet to the mile. Locally, however, the 
dip of the basement surface is probably much 
greater than 52 feet and may reach several 
hundred feet to the mile. These figures are 
based partly on assumed thicknesses, particu* 
larly of the formations composing the Comanche 
series, and are subject to correction when the 
facts are known. 

The geologic map (PI. XVII) shows that 
the strike of the beds composing the Creta- 
ceous formations of northeastern Texas is ap- 
proximately east in the eastern parts of Lamar 
and Delta counties; it swings around toward 
the south, farther west and southwest, in Fan- 
nin and Hunt counties; and becomes south by 
a few degrees west in the southern parts of 
Hunt and Collin counties. The dip is gulf- 
ward at right angles to the strike except lo- 
cally, where the normal attitude of the beds 
has been disturbed by earth movements. The 
general dip is probably somewhat less than the 
inclination of the surface of the basement 
rocks on which the Cretaceous beds rest. The 
general range of dip is believed to be from 30 
feet or less to the mile to 80 feet or more to the 
mile, but there is evidence that locally, as 
along the southern limb of the Preston anti- 
cline near Pottsboro, the beds may dip as much 
as 300 feet to the mile. 

The uniform monoclinal attitude which so 
generally characterizes the Cretaceous forma- 
tions of the Gulf Coastal Plain is interrupted 
in this area by at least two pronounced defor- 
mations, the Preston anticline and the Leonard- 
Celeste monoclinal nose, which are described 
below. Other similar deformations, though 
probably much smaller, may be discovered as 
a result of future more detailed investigations. 
Faulting of small magnitude occurred in 
places in the area, probably as a result of the 
movements which produced the folds; positive 
evidence of small faults was obtained at several 
localities. The building-stone facies of the 
Annona tongue of the Austin chalk exposed in 
the quarries and small branch streams at and 
within a few himdred yards southeast of Gober, 



in the southern part of Fannin County, is con- 
siderably disturbed by faults of small dis- 
placement; one fault running approximately 
northeast exhibits a displacement of 15 feet. 
At the crossing of a public road over Choctaw 
Creek 3 J miles north by east of LueUa, Gray- 
son County, a fault trending N. 55^ £. exhibits 
a displacement of 8 inches. Messrs. Hopkins 
and Powers indicate on their structure map a 
fault of relatively small displacement south- 
east of Bonham, Fannin County, which in- 
volves the basal strata of the Annona tongue 
and the clay that immediately underUes the 
chalk, (See PL XVII.) 

PESSTON ANTICLINE. 

The Preston anticline is a plunging upfold of 
Cretaceous strata that is most conspicuous in 
the southern parts of Marshall and Bryan coun- 
ties, Okla., and the northern part of Grayson 
County, Tex., but is measurably manifested in 
the direction of its southeastward-trending axis 
as far as the vicinity of Gober in Fannin County, 
Tex. The approximate position of the axis of 
the anticline is indicated on Plate XVII by a 
dashed line. 

Where the anticline is best developed in the 
Red River valley, northwest of Denison, the 
Comanche series of formations, which would 
normally be buried beneath the overlapping 
yoimger strata of the Gulf series, have been 
warped upward approximately 800 feet, and 
the beds of the overlying Gulf series have thus 
been subjected to erosion, which has entirely 
removed not only the Gulf series but also much 
of the underlying Comanche series from a con- 
siderable area along the axis of the uphft. 
Here the outcrops of the formations of the 
Comanche series parallel the sides of the anti- 
ctine and wrap about its southeastward-plung- 
ing nose in typical fashion; the strike of the 
formations of the area, which would normally 
range from west to southwest, is distinctly 
bowed to the southeast where the formations 
cross the axis of the anticline, and this de- 
flection of the strike is manifested at least as 
far to the southeast as Gober, Fannin County. 

From the vicinity of Preston Bend in north- 
em Grayson County, where the maximum up- 
lift of the Cretaceous strata above the position 
they would have occupied had there been no 
folding is approximately 800 feet, the amount 
of deformation gradually decreases to the south- 
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east along the axis of the fold, and near Gober, 
Fannin County, the uplift is very slight. 

Section A in Plate XXX is drawn approxi- 
mately at right angles to the axis of the anti- 
cline from a point near the northeast corner of 
the Denison quadrangle, in Bryan County, 
Okla., southwest to a point 3^ miles north of 
Fink, Grayson County, Tex., thence south to a 
point 1 mile north by west of Pottsboro, thence 
south-southeast to Sherman. The smrface 
profile is based on the data recorded on the 
Denison topc^aphic map, and the structure 
lines are based partly on outcrops and partly 
on data afforded by wells. This section is 
beUeved to be approximately accurate where 
it crosses the main part of the anticline north 
of Pottsboro, the position of the lines there 
haying been checked against the structure con- 
tours established by Messrs. Hopkins and 
Powers. (See PL XVII.) 

The structure contours shown on Plate XVII 
are generalized from larger^^cale maps prepared 
by Messrs. Hopkins, Powers, and Robinson, as 
elsewhere explained. Their method was to de- 
termine the altitude of key rocks at as many 
points as possible, by means of aneroid readings 
corrected for changes of atmospheric pressure 
by barograph records obtained simultaneously 
at the bases from which the field work was 
done, and to supplement these surface obser- 
vations with data afforded by all available 
well records. 

The contours on the main part of the Preston 
anticUne in the northern part of Grayson 
County, Tex., and the southern parts of Mar- 
shall and Bryan counties, Okla., show the 
altitude above sea level of the top of the Good- 
land limestone. The extension of the anticUne 
into Fannin County is indicated by the south- 
eastward deflection of the contours showing 
the altitude of the base of the Ector tongue of 
the Austin chalk in the vicinity of Ector, by a 
less pronounced deflection of the contours 
showing the base of the Annona tongue of the 
Austin chalk between Dodd City and Randolph, 
and by only a faint bending of the contours 
showing the top of the Annona tongue north- 
east of Gober. The last-mentioned place is 
approximately at the point where the anticline 
dies out toward the southeast. A shallow 
sjoicline parallels the anticline along its north- 
east side in Fannin County, as indicated by a 



deflection to the northwest of the several sets 
of contours. A structural terrace on and 
sightly south of the plunging nose of the anti- 
cline is indicated by the spacing of the contours 
2 to 6 miles northeast of Pottsboro, Grayson 
County. 

The dip of the strata of the Comanche series 
away from the axis of the Preston anticline 
ranges from a few feet to a little more than 300 
feet to the mile. In general, the south limb 
is a little steeper than the north limb. The 
steepest part of the anticline is on the south 
limb in a northwest-southeast stretch about 3 
miles long northeast of Pottsboro (see PL 
XVII), where, as indicated by the contours, 
the maximum dip of slightly more than 300 
feet to the mile is attained by the Goodland 
limestone. This relatively strong dip is also 
clearly manifested in outcrops of the Main 
Street limestone, the next to the highest mem- 
ber of the Denison formation, whose strata in 
conjunction with the "Quarry" limestone form 
a low strike ridge beginning about 2 miles east 
of Pottsboro and extending in a northwesterly 
direction for about 2 miles. Along this ridge 
the Main Street limestone, though poorly ex- 
posed, obviously dips strongly to the south- 
west, in places as much as 20® or even more. 
The pronounced narrowing in the belt of out- 
crop of the Woodbine formation resulting 
from the unusually steep inclination of the 
strata in this belt was perhaps the chief 
basis for the postulation of the so-called 
Cook Spring fault by Taff * and Leverett and 
by HUl.» 

The nature of the earth movements that pro- 
duced the Preston anticline is imperfectly 
known, though the assumption is warranted 
that the movements had their origin in the 
basement rocks that underlie the overlapping 
Cretaceous sediments. As the axis of the anti- 
cline trends approximately parallel to most of 
the major faults and folds in the Arbuckle 
Mountains in Oklahoma, the assumption also 
seems warranted that this uplift is directly re- 
lated to the Arbuckle upUft, and that the fold- 
ing of the Cretaceous strata was merely inci- 
dental to the upbowing of these older basement 
rocks. 

'Texas Oeol. SurTey, Fourth Ann. Rept. for 1892, pp. 297, 296, ifm. 
«U. S. Gool. Survey Twenty-first Ann Rept., pt. 7, pp. 384, 385^ pi 
66, 1901. 
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LXONABD-CSLXSTS MONOCLmAL N08B. 

The structure contours showing the altitude 
above sea level of the top of the Annona tongue 
in the vicinity of Leonard in southwestern 
Fannin County, Tex., are deflected rather 
sharply to the south. (See PI. XVII.) This 
deflection is also clearly manifested in the out- 
crop of the Annona, the strike of whose upper- 
most beds in the vicinity of Leonard shows a 
distinct bulge to the south. A similar and even 
stronger southward or southeastward deflec- 
tion is exhibited by the belts of outcrop of the 
Wolfe City sand and Pecan Gap chalk mem- 
bers of the Taylor marl between Celeste and 
Greenville, in Hunt County. (See PI. XVII.) 
These are the surface manifestations of a fold 
in the xmderlying Cretaceous strata of the kind 
described by F. G. Qapp * as a monocUnal nose. 
For convenience this fold is called the Leonard- 
Celeste monoclinal nose. The areal distribu- 
tion of the formations of the Gulf series in 
Fannin, Collin, and Hunt counties strongly 
su^ests that this fold is the deflected south- 
ward extension of the Preston anticline, and 
this was the interpretation at first placed upon 
the structure. However, the structure con- 
tours on the base of the Annona tongue estab- 
lished by Messrs. Hopkins and Powers (see 
PL XVII) indicate that this relationship is only 
apparent, the Leonard-Celeste fold being sep- 
arate from the Preston anticline, though 
doubtless closely related to it both physically 
and in manner and time of origin. The axis 
of the fold appears to trend south by east 
through Leonard and a mile or so west of 
Celeste and Kingston, Tex. 

The surface evidence of the existence of this 
fold appears to be corroborated by the records 
of two wells nearly in line with the general 
strike of the formations — one near Wolfe City, 
where the top of the Annona tongue of the 
Austin chalk was struck at a depth of about 
510 feet (160 feet above sea level), and the other 
at Celeste, where the Annona was reached at 
a depth of only 300 feet (360 feet above sea 
level). Section B, in Plate XXX, drawn 
approximately at right angles to the axis of 
the fold, from Ladonia, Fannin Coimty, west 
by south to a point 1} miles northeast of Wolfe 
City, in Fannin County, thence southwest by 
way of Celeste to a point 2 miles west by norlii 

i OeoL Soe. America Bull., vol. 28, p. 572, fig. 8, 1917. 



of FarmersviUe, Collin County, shows this up- 
bowing of the strata in the vicinity of Celeste. 
The surface profile in this section is based in 
part on railroad elevations and in part on aner- 
oid barometer readings, and the structure lines 
are based on surface outcrops and on data 
afforded by the wells at Celesta and Wolfe City 
previously mentioned and by one well at Lsi- 
donia. The depth to the Woodbine in these 
three wells, if their logs are properly interpreted, 
apparently confirms the evidence afforded by 
the chalk. At the southwest end of the section 
near FarmersviUe the Annona, as estimated 
from surface outcrops and assumed thicknesses, 
has again sunk back to a level approximately 
the same as near Wolfe (Dity, or a little deeper. 

OIL AND GAS PROSPECTS. 

Oil and gas have frequently been found in the 
upbowed or anticlinal portions of strata that 
have been subjected to warping or folding by 
earth forces, and although these substances 
are not confined exclusively to such structural 
features, no argument is needed to convince 
the practical operator that his best chance of 
success in untested territory lies where folded 
strata are known to exist. The Preston anti- 
cline and the Leonard-Celeste monoclinal nose, 
described above, will therefore not fail to at- 
tract the attention of persons interested in the 
discovery of reservoirs of oil and gas. 

In this paper only the more obvious con- 
clusions in regard to the occurrence of oil and 
gas, which might be readily deduced by any oU 
geologist or practical oil operator from the facts 
already presented, wiU be briefly discussed. 
A more detailed discussion of the structural 
features of this area and an adjoining area on 
the northwest in Oklahoma, with particular 
reference to the occurrence of oil and gas in 
both the Oetaceous and underlying basement 
rocks, will be given by Messrs. Hopkins, Powers, 
and Robinson in an economic paper to be pub- 
lished later. 

The most conspicuous part of the Preston 
anticline, in Grayson (bounty, Tex., and 
Marshall and Bryan counties, Okla., has already 
been recognized by oil prospectors, and, 
test wells have been drilled on different parts 
of the uplift. Gas reported to come from the 
lower part of the Trinity sand at depths of 
less than 700 feet has already been discovered 
near the axis of the anticline in the southern 
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part of Marshall County, where at least a 
dozen test wells have been drilled. Of these 
wells six, located in a group in the southeast 
corner of T. 6 S., R. 5 E., and the northeast 
corner of T. 7 S., R. 5 E., are classed as pro- 
ducing gas wells, and each of three of them is 
reported to yield from 1,500,000 to 2,500,000 
cubic feet of gas daily. This pool is known as the 
Enos gas field. In June, 1918, an oil well near 
the crest of the anticline in sec. 23, T. 7 S., 
R. 6 E., was completed in the Trinity sand at 
a depth of 260 feet and was reported to pro- 
duce 20 barrels of oil daily. Showings of oil 
or gas, or both, have been reported from the 
Trinity sand in some of the other wells pene- 
trating the strata involved in the anticline. 
The Madill oil field, ^ farther north in Marshall 
County, in the southeast comer of T. 5 S., R. 5 
E.. which yields small commercial quantities of 
an exceptionally light grade oil from the Trinity 
sand,' is not connected with the Preston anti- 
clinfe but with another distinct though approxi- 
mately parallel fold, as shown by an unpub- 
lished structure contour map prepared by 
Messrs. Hopkins, Powers, and Robinson. 

Of the geologic subdivisions involved in the 
Preston anticline and its extension to the 
southeast in Fannin County, four are com- 
posed in part of sandy strata, which exhibit a 
sufficient degree of porosity, at least in their 
outcropping portions, to fit them to serve as 
reservoirs for the storage of oil or gas. They 
are, in ascending order, the Trinity sand, the 
Pawpaw pandy member of the Denison forma- 
tion; the Woodbine sand, and sandy beds in 
the upper part of the Eagle Ford clay. 

The occurrence of gas and some oil in the 
Trinity sand along tiie axis of the fold in 
the southern part of Marshall County, Okla., 
has already been demonstrated. The amount 
of gas and the volatile products of oil that 
may once have been contained in the sand 
and have since escaped where the formation is 
exposed in the crest of the fold can, of course, 
only be conjectured. The Trinity dips below 
the surface on the plunging nose of the anti- 
cline in the Red River valley, about 5^ miles 
north by west of Denison. 

> TaiT, J. A., and Reed. W. J . The MadUl oiJ pool. Okla.: U. 8. Qeol. 
Surrey Bull. 381, pp. 604-613, 1910 
»Ok]alioiiia GeoJ. Burvey Bull. 19, pt. 2, pp. 816-820, 1917. 



A traveler passing to the southeast along the 
axis of the anticline would cross successively 
the outcropping strata of the sandy formations 
mentioned above, with intervening bands of 
nonsandy clay and chalk, each in turn dip- 
ping below the surface down the nose of the 
anticline. After crossing the limestones and 
clays of the Comanche series above the Trinity 
he would come first to the narrow belt of sand 
of the Pawpaw sandy member of the Denison 
formation near the northeast comer of Gray- 
son County, the wider sandy belt of the Wood- 
bine in the northwest comer of Fannin Coxmty, 
and the narrow strip of sand forming the 
uppermost part of the Eagle Ford formation 
at Ector, in Fannin County. 

A well on the axis of the anticline near the 
northwestern part of Fannin County would 
start in the Woodbine sand, below which it 
would encounter two of the possible oil or gas 
bearing sands, the Pawpaw and the Trinity. 
The top of the Pawpaw would probably be 
reached at depths of 50 to 500 feet and the 
top of the Trinity at depths of 500 to 1,000 
feet, the depth depending on the exact location 
of the well. 

A well at Ector would start in the sand at the 
top of the Eagle Ford and would penetrate the 
Woodbine sand at an estimated depth of 400 
to 900 feet, the sandy beds of the Pawpaw at 
an estimated depth of 925 to 975 feet, and the 
Trinity sand at an estimated depth of 1,300 to 
1,800 feet. 

A well starting at the top of the Annona 
chalk northeast of Gober would penetrate the 
sandy beds at the top of the Eagle Ford at an 
estimated depth of 800 to 900 feet, the Wood- 
bine sand at an estimated depth of 1,300 to 
1,850 feet, the sandy beds of the Pawpaw at an 
estimated depth of 1,900 to 1,950 feet, and the 
Trinity sand at an estimated depth of 2,300 to 
2,800 feet. 

So far as known to the writer no wells have 
been drilled that would serve as an adequate 
test of the occurrence of oil or gas in the 
Leonard-Celeste monoclinal fold. The deepest 
well concerning which information has been 
obtained is the 1,554-foot water well at Celeste, 
perhaps a mile or a mile and a half east of the 
axis of the fold. This well is beUeved to have 
reached the uppermost sandy stratum of the 
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Woodbine formation at a depth of 1,535 feet. 
The sandy beds at the top of the Eagle Ford 
were not recognized in the well and may here be 
represented by nonsandy clay. The sandy 
beds of the Pawpaw would be reached here at 

an estimated depth of 2,200 feet, and the top 
of the Trinity sand at an estimated depth of 
2,600 feet. 

At Greenville, which is probably near the axis 
of this fold, all the possible oil sands of the 
Cretaceous, except the Nacatoch, would be 
penetrated by a well probably less than 3,500 
feet deep. These would include, in descending 
order, the Wolfe City sand member of the 
Taylor marl, the sandy member at the top of 
the Eagle Ford, which would probably be very 
thin and might be represented entirely by 
clay; the sands of the Woodbine formation; 
the Pawpaw sandy member of the Denison; 
and, finally, the Trinity sand. 

In pointing out the existence of the folds de- 
scribed above the writer does not wish to be 
imderstood as urging the probabiUty of the 
occurrence of oil and gas in association with the 
folds, though he feels that the facts warrant an 
optimistic attitude on the subject. 

Four factors are generally regarded as essen- 
tial to the occurrence of oil and gas — an ade- 
quate source of hydrocarbons, such as petrolif- 
erous shales or clays; porous beds intimately 
connected with the source to serve as reser- 
voirs; suitable structure for the concentration 
of the oil and gas; and suitable hydrostatic 
conditions. Two of these factors appear to be 
favorable in this area; porous formations for 
the retention of the oil are present, and struc- 
tural folds exist similar to those in which oil and 
gas are known to have accumulated elsewhere. 
The factor of source, although less completely 
known, also appears to be favorable, for the 
chalks and some of the clays that intervene 
between the sandy formations are distinctly 
bituminous. In regard to the fourth factor, 
there is no known reason why the ground-water 
conditions in the Cretaceous beds of this area 
should be essentially different from those of the 
other oil and gas fields of the Gulf Coastal 
Plain. 



SUMMARY. 

1. Areal geology. — ^Important revifliona in the areal dia- 
tribution of the formations of both the Comanche and Gulf 
series, as previously mapped in this area, are indicated in 
Plate XVII, and three new mappable units are recognised, 
including the Ector tongue of the Austin chalk and the 
Wolfe City sand member and Pecan Gap chalk member of 
the Taylor marl. 

2. Stratigraphy. — A new interpretation of the strati- 
graphic and age relations of the formations of the Gulf 
series based on the following facts is presented (see PI. 
XXX, C): (a) The recognition of the so-called ** fish-bed 
conglomerate " of Taff (see p. 149) as the probable base of 
the cycle of sedimentation which has its typical expres- 
sion in the Austin chalk; (6) The recognition of a rela- 
tively thin tongue of chalk, the Ector tongue, extending 
northeastward from the base of the main body of the 
Austin chalk in the vicinity of Ector, Fannin County; 
(c) the eastward merging of approximately the basal half 
of the Austin chalk, with the exception of the Ector tongue, 
into equivalent nonchalky clay in Fannin County; (d) 
the correlation of the Blossom sand with the upper part 
of the typical Austin chalk of Travis County, Tex., in> 
stead of with the upper part of the Eagle Ford formation, 

- as previoxisly correlated (see pp. 152-153 and PI. XXX, C); 
(e) the upward tran^eesion in the geologic column of the 
upper part of the Austin chalk from Travis County 
northward; (f) the recognition of the Annona (''White 
Clifis'O chalk of Hill as a lazge tongue connected with the 
main body of the Austin chalk; (g) the discrimination of the 
Wolfe City sand and Pecan Crap chalk as upper mappable 
members of the Taylor marl. 

3. Structure. — The structural feature in the northern 
part of Grayson County, Tex., and the southern parts of 
Marshall and Bryan counties, Okla., heretofore regarded 
as an uplifted fault block which brought the formations 
of the Comanche series to the surface, where normally 
they would lie deeply buried, is shown to be instead an 
anticlinal uplift, the Preston anticline, with which, so far 
as known, no major faults are directly associated. A 
newly recognized structural feature, called the Leonard- 
Celeste monoclinal fold, in southwestern Fannin and 
northwestern Hunt counties, is described. Structure- 
contours have been established by Messrs. Hopkins,. 
Powers, and Robinson, showing the altitude above sealeveli 
of the top of the Goodland limestone about the flanks 
of the Preston anticline, and Messrs. Hopkins and Powers 
have established contours showing the altitude of the base 
of the Ector tongue and the base and top of the Annona 
tongue of the Austin chalk in certain areas in Fannin,. 
Gxajrson, and Hunt counties. (See PI. XVII.) 

4. OH and gas. — ^A brief statement of the factors con- 
trolling the occurrence of oil and gas with particular 
reference to this area is given, and the hope is expressed that 
future prospecting may result in the discovery of these 
substances in commercial quantities somewhere in asso- 
ciation with the Preston anticline or with the Leonard- 
Celeste monoclinal fold. 



SOME AMERICAN CRETACEOUS . FISH SCALES, WITH NOTES ON THE 
CLASSIFICATION AND DISTRIBUTION OF CRETACEOUS FISHES. 



By T. D. A. COCKERELL. 



PREFACE. 

By T. W. Stanton. 

Fish remains are extremely abimdant in 
several Cretaceous formations of the Rocky 
Mountains and Great Plains, but except in 
the Niobrara formation of Kansas, a fish 
skeleton well enough preserved for descrip- 
tion or identification is the greatest rarity. 
The fishes are represented by separate scales, 
in some places associated with a few vertebrae 
and other fragmentary bones or by isolated 
teeth. In the original descriptions of both 
the Mowry and the Aspen shales of Wyoming 
the presence of fish scales is mentioned as a 
characteristic feature. Fossils of other classes 
are usually very rare in beds containing many 
fish scales. Many of the scales are beautifully 
preserved and show varied forms and more or 
less complex sculpture. 

It had long been regretted that these fish 
scales had not been studied systematically, 
and when several papers on the scales of 
living and fossil fishes were published by Prof. 
Theodore D. A. CockereU,* of the University of 
Colorado, Boulder, Colo., the hope was again 
quickened that these Cretaceous fish scales 
might prove to be of some value in strati- 
graphic identifications and correlation. Prof. 
Coekerell's offer to study fish scales collected 
l)y the United States Geological Survey was 
therefore welcomed, and early in 1916 the 
material from the Western States was placed 
in his hands. As a result of its study the ac- 
companying paper has been prepared. 

In connection with the Survey's stratigraphic 
and areal work on the coal and oil fields of the 
Rocky Mountain region many small lots of fish 

1 The scales of fresh-water fishes: Biol. Bull., vol. 20, pp. 367-386, 
1911. Observations on fish scales: U. S. Bur. Fisheries Bull., vol. 32, 1 
pp. 119-174, 1012. Borne fossil fish scales: Zool. Anzeiger, Band 45, pp. | 
im-192, 1014. Scales of Panama fishes: Washington Biol. Soc. I*roc., 
vol. 28, pp. 151-150, 1016. 



scales have been obtained from the Mowry 
shale, from the Aspen shale, and from other 
beds of about the same age in the areas where 
these shales are not characteristically devel- 
oped, but no attempt has been made to do 
thorough collecting even in these formations, 
because no one in the Survey was qualified to 
identify the scales. The scales from other 
formations in the same region have been 
obtained incidentally in collecting invertebrate 
fossils and are so few in number that they 
probably do not fairly represent the fish 
faunas of the seas in which the formations 
wore deposited. Similarly, the four species 
based on scales from the Chico group were all 
obtained in the Moreno formation at two 
neighboring locahties on the west side of San 
Joaquin Valley, Cal., and can only be regarded 
as suggestive of the relationship, or lack of 
relationship, between the Cretaceous fish faunas 
of the Pacific coast and those of the Rocky 
Mountain region. The enormously thick sec- 
tion referred to the Chico group in this part of 
California has been divided by Anderson and 
Pack ' into the Panoche formation below and 
the Moreno formation at the top. The Pa- 
noche formation is said to have a maximum 
thickness of 21,000 feet and the Moreno forma- 
tion 2,500 or 3,000 feet. Fish scales are known 
to be present in the Cretaceous formations of 
the Coastal Plain, extending from New Jersey 
to Texas, but no attempt has yet been made 
to assemble them for study. The collections 
here treated are all of Upper Cretaceous age — 
that is, they are younger than the Comanche 
and Shasta series. 

A brief statement will show the relative 
stratigraphic positions from which the fish 
scales described have been obtained and will 
explain why beds of approximately the same 

« U. 8. Geol. Survey Bull. 603, pp. 34-57, 1915. 
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age are referred to different formations in dif- 
ferent areas. The standard marine Upper 
Cretaceous section of the Upper Missouri 
region is as follows: 

Montana group: 

Fox Hills sandstone. 

Pierre shale. 
Colorado group: 

Niobrara limestone. 

Benton shale. 
Dakota sandstone. 

In Colorado east of the Rocky Mountains 
and over a considerable part of the Great 
Plains a limestone (Greei^orn limestone) is 
developed in the midst of the Benton shale, so 
that the Benton shale interval consists of three 
formations — the Carlile shale. Greenhorn lime- 
stone, and Graneros shale. In parts of the 
same area the Niobrara is also separable into 
two formations — the Apishapa shale above 
and the Timpas limestone below. 

In the eastern half of Wyoming and around 
the Black Hills the Mowry shale is conspicuous 
in the lower part of the Colorado group as a 
hard, platy, ridge-forming shale, full of fish 
scales. In the Black Hills, where the Green- 
horn limestone is recognized and the Benton is 
therefore divisible into three formations, the 
Mowry shale is treated as a member of the 
Graneros shale. In some areas where the 
Benton is not divided the Mowry is called a 
member of the Benton ; in the Big Horn Basin 
it is recognized as an independent formation 
lying between the Frontier formation above 
and the Thermopolis shale below. 

The Aspen shale, which certainly includes 
rocks of the same age as the Mowry shale, is 
restricted to western Wyoming, which is also 
the typical area of the Frontier formation. 
The section there is as follows: 



Adaville formation. 

• 

HilUard shale. 
Frontier formation. 
Aspen shale. 

Bear River formation (restricted to western Wyo- 
ming). 

In this section the time equivalent of the 
Colorado group extends from the top of the 
Bear River formation to about the middle of 
the HiUiard shale, and the upper part of the 
Montana group is probably absent. In west- 
ern Colorado the whole of the Colorado group 
and the lower part of the Montana group are 
represented by an undivided mass of shale 
called the Mancos shale, and this is overlain by 
the coal-bearing Mesaverde formation, fol- 
lowed by the Lewis shale and in the south- 
west by the Pictured Cliffs sandstone. The 
Mesaverde formation is ako recognized over a 
laige part of Wyoming, and the only fish 
scales found in it were obtained in marine 
and brackish-water beds of the Rock Springs 
field. 

Another set of names has been used in north- 
em Montana on account of the development 
of different stratigraphic units. There the 
great shale mass corresponding to the Mancos 
extends only to the top of the Colorado group 
and is therefore called the Colorado shale. 
Above it in order come the Eagle sandstone, 
the Claggett shale, the Judith River formation, 
and the Bearpaw shale. Locally this succes- 
sion Ls modified by the merging of the Claggett 
with the Eagle and Judith River and the de- 
velopment of the Horse thief sandstone above 
the Bearpaw shale. 

The approximate relations of the above- 
mentioned local subdivisions of the Colorado 
and Montana groups are shown in the follow- 
ing table: 
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INTRODUCTION. 

In offering a treatment of Cretaceous fishes, 
based principally on isolated or detached 
scales, one runs counter to the practice and 
prejudice of ichthyologists. The old scale 
classification of Agassiz has long been discarded 
and his terms are now used only in a descrip- 
tive sense. Even in that sense they are 
rather unsatisfactory, for there are many 
entirely different types of cycloid, ctenoid, 
and ganoid scales. Recent studies of the 
scales of living fishes show that they present 
excellent diagnostic characters and are highly 
distinctive of genera and families, though not 
always of species. Very closely allied species 
may have scales which can not be distinguished, 
the scale characters being more persistent 
than sonte of the other more adaptive features 
on which the species are separated. Some 
scales, as might be expected, exhibit conveigent 
or parallel evolution, showing similar features 
in quite different groups of fishes. Facts of 
this sort are likely to be misleading, but they 
are in no sense peculiar to lepidology. 

In former years a few authors have under- 
taken to diagnose or recognize Cretaceous 
fishes from the scales alone. Dr. A. S. Wood- 
ward, influenced no doubt by the evident 
confusion in the appUcation of the names, 
has set aside these determinations as practically 
valueless. It was not possible to give a really 
intelligible account of the fossil teleost scales 
until those of living fishes had been rather 
fully investigated. To-day the situation is 
different, and we feel justified in proceeding 
on a new basis. The situation is not unlike 
that found in paleobotany. Students of Uving 
plants do not describe species from leaves 
alone except in the rarest instances. Yet, if 
paleobotanists had refused to take note of or 
describe all plant remains that did not include 
the reproductive parts, our knowledge of the 
past history of vegetation would to-day be 
fragmentary indeed. It is true that many of 
the generic references of fossil leaves are pro- 
visional and uncertain, and it is very easy to 
criticize any paleobotanic work on this basis; 
yet no careful student of the subject can deny 
that on the whole the study of fossil leaves has 
been of immense value for the advancement of 
botanic science as well as for stratigraphy. 
After spending much time in the study of fossil 
plants as well as fish scales, I can afiSirm that 



the scales are certainly not less characteristic 
than the leaves; in fact, the comparison is 
decidedly in favor of the scales. It can a^so 
be said that the scales are at least as distinctive 
as the fragments of jaws, teeth, and fins that 
form the basis of so many descriptions of Creta- 
ceous fishes. It is not, however, a question of 
scales versus bones, where both are available. 
Throughout the greater part of the American 
Cretaceous strata distinctive skeletal remains 
of fishes are extremely scarce; only in the Nio- 
brara can they be said to be at all abimdant. 
On the other hand, scales are plentiful and 
widespread and may be foimd in innumerable 
places where no other fossils are obtainable. 
Consequently, to refrain from studying these 
scales is to set aside a valuable aid to stratig- 
raphy as well as a chance of learning in con- 
siderable detail what the teleost fauna of the 
Cretaceous really was. The Cretaceous was a 
time of extraordinary importance for ichthy- 
ology, because it saw the rise and development 
of the higher fishes, with numerous types clearly 
pointing toward the modem fauna. For this 
reason it is especially desirable to note every 
fact which will throw light upon the Cretaceous 
history. 

The study of fossil scales involves one diffi- 
culty. In studying modem fishes the investi- 
gator takes the scales from the middle of the 
side of the fish, where all their characters are 
fully developed. Scales from other situations 
may be quite uncharacteristic. Naturally no 
such selection has taken place in the preserva- 
tion of the fossils, and consequently the speci- 
mens must be regarded with caution and set 
aside if there is any reason to think that they 
are not typical. Scales from the region of the 
caudal peduncle will be comparatively narrow, 
but their sculpture and markings will be nor- 
mal. Latinucleate (regenerated) scales are as 
common among fossils as in recent fishes, and 
should not be used as types. They can be 
distinguished by the confused sculpture of the 
central region, without the fine circuli around 
the nucleus. In describing scales the free end 
is spoken of as the apex, the attached end as 
the base. The teleost scale is made up of fine 
fibrillae, which are in some genera longitudinal, 
as in Amia and Alhvla, but more usually con- 
centric. In the tme clupeids (herrings) they 
are transverse. These fibrillae are termed the 
circuli and are not growth lines. Growth lines 
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have often been observed cutting the circxili. 
In migratory fishes, such as the sahnon, the 
growth lines di£fer in character and density, 
according to the environment, and conse- 
quently it may be possible to detect evidence 
of migratory habits in fossil fishes. Lines or 
grooves radiating from the center of the scale 
or from its direction are called radii. This 
term was long ago used by Cope in describing 
fossil fish scales; and it must be said of Cope 
that his descriptions of these structures were 
much better than those of most other authors, 
though lacking in many desirable details. 

As in the case of fossil leaves, descriptions of 
scales without figures are unsatisfactory, espe- 
cially if they are to be laigely used by stratig- 
raphers who have no intimate knowledge of 
lepidology. Consequently it has been con- 
sidered necessary to illustrate this paper fully; 
and the enlarged figures, from photographs, 
bear testimony alike to the excellent preserva- 
tion of much of the material and the skill of 
the photographer, Mr. W. O. Hazard, of the 
United States Geological Survey. Only those 
species have been described and figured which 
it seemed could be clearly recognized. Various 
others, evidently distinct but represented by 
poor or uncharacteristic material, have been 
set aside for the present. Additional collec- 
tions, now that attention is called to the sub- 
ject, will undoubtedly greatly increase the 
number of known species. 

I am particularly indebted to Mr. T. W. 
Stanton, of the Survey, for assistance of every 
kind throughout this investigation. Without 
his kind help I should have found it very 
difficult to proceed. I am also greatly in- 
debted to my colleague. Prof. J. Henderson, of 
the University of Colorado Museum, for advice 
and assistance. Dr. D. S. Jordan has given 
me much kind advice, though, of course, he is 
in no way responsible for my manner of treat- 
ing the subject. He has furnished a manu- 
script list of all the families and higher groups 
of fishes, representing his most mature opinions. 
This I have mainly followed in the present 
paper. Dr. A. S. Woodward, of the British 
Museimi, has sent me admirable photographs 
of fossil fish scales, two of which I have repro- 
duced (PL XXXVII, figs. 1, 2), and when I 
was in London he kindly gave me access to 
the collections of the Museiun. Unfortu- 
nately at that time I did not know that I 



should be specially interested in Cretaceous 
fishes and did not pay particular attention to 
their scales, except in the case of a few genera. 
The authorities of the United States National 
Museum and the American Museum of Natural 
History very kindly allowed me to examine 
their materials. I am indebted to the Uni- 
versity of Kansas for the photographs of 
Hypsodon (PariheiLs) , reproduced in Plate 
XXXIII, figures 1 and 2. 

As students of fossil scales will need speci- 
mens of recent species, it may be worth while 
to explain a simple manner of preparing them. 
Remove a few scales from the middle of the 
side of the fish, avoiding regenerated scales^ 
and place them, while wet, upon a shde. The 
skin covering the exposed part should be re- 
moved if it is thick. Cover the scales with a 
cover glass or, if they are laige, with another 
shde. Hold down with one or more of the 
metal clamps used in microscopic work. 
Stick a gummed shde label on each side of the 
cover glass, overlapping, or, if two sUdes are 
used, round the ends of the slides. Remove 
the clamps when the material is diy, and the 
scales will remain in place. 

strahgraphic distribution. 

aSNX&AL FBATUBES. 

In this discussion we are dealing almost en- 
tirely with a marine fauna. Scanty remains 
from the Judith River beds (see Acipenseridae) 
are of fresh-water origin, but they do not in- 
clude any teleost scales. It is not until we 
come to the base of the Eocene, in the Rocky 
Mountain region, that we find scales of fresh- 
water bony fishes,* and the species obtained 
present all the characters of the highly organized 
modem group Centrarchidae (Micropteridae). 
The perchhke fishes are not found in American 
Cretaceous strata, and it is a question whether 
they may not have evolved in fresh water and 
later taken to the sea. At any rate, it must be 
said that so far as we know at present the Terti- 
ary fishes mark a considerable advance on or at 
least change from their Cretaceous predeces- 
sors. It ought to be possible as a rule to dis- 
tinguish a Cretaceous from a Tertiary deposit 
by means of a single well-preserved fish scale. 
The exceptions will be found in those groups 

1 A possible exoeptkm is U. S. Geological Survey locality 6G03, in the 
Uinta Basin, Utah, which contains plant remains. Two poorly pre- 
served scales are figured in Plate XXXVI, figures 16 and 17. 
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which range with little change from the Creta- 
ceous to the present day — the berycoids, du- 
peidsy or hemiramphids. In such groups only 
the recognition of the species and its identifi- 
cation with one from beds of known age could 
be of any service. Such a scale as that of 
Pomolohust chicoensisy from the Chico, might 
belong anywhere from that time to the present 
day. So, also, with IlemUampronites hesperiris, 
from the Fox Hills. 

Just as the Tertiary fishes mark an advance 
on the Mesozoic, so also the later Cretaceous 
fishes present evidence of evolution and mod- 
ernization. This statement apphes not only to 
the Upper as contrasted with the Lower Creta- 
ceous, but also, and rather markedly, to the 
Montana group as contrasted with the Colo- 
rado group. The scanty materials from the 
Fox Hills and Pierre now available already in- 
dicate the beginnings of modern groups which 
are absent from the older beds, and unques- 
tionably later discoveries will emphasize the 
distinctions observed. Thus we seem to find 
evidence of a rather slow and gradual modern- 
ization of the fish fauna, the breaks in the series 
corresponding with the geologic breaks and not 
being attributable to any extraordinary migra- 
tions or sudden new developments. 

There were, however, certain environmental 
conditions which must have affected the rate of 
evolution and diversification. The inland seas 
of the American Paleozoic were drained by the 
Permian uplift, but during later Mesozoic time 
this country once more possessed a vast med- 
iterranean sea, comparatively shallow and 
warm, which reached its maximum depth prob- 
ably during the Niobrara epoch. A modern 
map of North America marked in some way to 
indicate the shallow-water a^eas, even down to 
100 fathoms, will show how restricted is the 
distribution of the present littoral and shallow- 
water faunas. They exist, as it were, in broad 
rivers running mainly north and south. They 
are circumscribed by climate, by land, and by 
the open sea. In comparison the great Creta- 
ceous inland sea must have afforded an amazing 
wealth of opportunity for multiphcation and 
development, which may well have been the 
decisive factor in the evolution of many groups 
of marine organisms. 

In this connection it is interesting to inquire 
whether there were radical differences between 
the supposedly contemporaneous faimas of 



Europe and America, and in America between 
the faunas of the Atlantic seaboard, the inland 
sea, and the Pacific coast. All these regions 
of course had types in common, and these 
appear to have been, at least principally, 
pelagic or open-sea oi^anisms, such as Vintor 
crinus among the echinoderms and various 
sharks among the fishes. There were, how- 
ever, many differences. Scales of fishes from 
the Chico, cut off from the inland sea by the 
western uplands, are all different from those in 
Rocky Mountain deposits. The Chico has a 
veritable clupeid, but so far no genuine clupeids 
have been found in the Benton, Niobrara, 
Pierre, or Fox Hills. The inland waters seem 
to have lacked berycoids, which are so charac- 
teristic of the European strata. Comparisons 
between the Old World and the New World 
faunas are hindered by the difference in age of 
some of the abundantly fossihferous deposits. 
Not only do the highly differentiated faunas of 
Hakel and Sahel-Alma in Syria (Mount 
Lebanon) differ greatly from one another, but 
only about 10 per cent of their genera are 
common to the American Cretaceous. They 
must be referred to a later horizon than our 
Cretaceous fishes. The Cretaceous of West- 
phalia has more in common with the Syrian 
deposits than with the Enghsh chalk and 
should be intermediate in age between these 
two. Nearly half the genera of the English 
chalk are represented in the Kansas Niobrara, 
though perhaps the chalk is for the most part 
somewhat older. I have prepared more elab- 
orate statistics, but owing to the uncertain 
standing of a good many of the species they 
are not as valuable as they look on paper. 
The tendency of future investigations will 
doubtless be to emphasize the differences in 
the faunas, especially as studies of scales are 
likely to reveal many of the smaller and more 
sedentary fishes. 

Prof. J. Henderson, who has paid much at- 
tention to the Upper Cretaceous MoUusca, 
informs me that in his experience all the species 
of the Benton differ from those of the Niobrara, 
and all those of the Niobrara from those of the 
Pierre. The Pierre and Fox Hills, on the other 
hand, present faunas grading one into the 
other. As this did not whoUy agree with some 
of the published records, I asked Mr. T. W. 
Stanton for his opinion. He replies that he is 
in perfect accord with Prof. Henderson. The 
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Colorado and Montana faunas had few if any 
identical species of MoUusca, though of course 
many genera occurred in both. Old records 
contrary to these opinions were based on 
errors. Thus Inoceramus Iabia4u8, supposed to 
occur in the Niobrara of Kansas and Nebraska, 
was reaUy from the Greenhorn limestone, well 
down in the Benton. We have, then, in the 
Upper Cretaceotis two extremely marked 
faimal breaks. They must represent long 
periods, during which many things happened. 
Where no species of MoUusca persisted, surely 
no fishes could be expected to remain unaltered. 
Present information tends to confirm this 
opinion, and when a Benton fauna is found in 
beds ascribed to the Niobrara (see under 
ndlcolepia pulcheUuSy p. 174) it is evident that 
there was an error in stratigraphy. 

BXKTON SHALB. 

The previously recorded teleosta from the 
Benton are few, as follows : 

Ap9opelix. A genuB not known from later rocks. Mr. 
Stanton informB me that Cope's locality (in Eansss) is 
certainly Benton. 

Pelecorapis variui Cope. Mr. Stanton says almost cer- 
tainly from the Benton; the Inocentmus referred to by 
Cope is presumably /. labiattu. Mr. Stanton adds, how- 
ever, that if the Sibley referred to is the one now on the 
map there is some mistake, as this would place the 
locality in the Carboniferoiu. 

Proto$phyraena herUoniana Stewart. 

Hyp9odon lotvvi (Stewart). This and the last belong to 
genera common to the Niobrara and Pierre. 

There is also a very dubious record of Anog- 
mius. To these are added in the present paper 
the following species : 

Holcolepis pulchellus ^ n. sp. 
Holcolepis delicatus n. sp. 
Holcolepis transveraus n. sp. 
Holcolepis obliquus n. sp. 
Hypeodon? granulosus n. sp. 
Idithyodectes sp. 
Leudchthyops vagans n. sp. 
Erythrinolepis mowriensis n. sp. 
Halecodon denticulatus n. sp. 
Cimolichthys sp. 

It is not at present certain that levels in the 
Benton can be distinguished by means of the 
fishes. Materials ascribed to the Aspen (for 
example, U. S. G. S. localities 4874, 3870) pre- 
sent a Mowry faima, as they should, for the 
Aspen and Mowry are approximately equivalent. 

I The rocks yielding this species were referred to the Niobrara by 
Beekly (U. S. GeoL Survey BuU. M6, pp. 40, 41, 1915), but the locality is 
tn a Canitod area and may well be on a Benton outcrop. 



NIOBBASA 70S1CATX0N. 

The recorded &h faxma of the Niobrara is 
very rich, comprising 23 genera, mostly found 
in Kansas. Several of these are discussed 
below, but I have no new species to add. 

MONTANA GBOTTP. 

The Montana group includes the Pierre shale 
and Fox Hills sandstone. The fishes are not 
sufficiently well known to throw any particular 
light on the divisions of the group. The follow- 
ing new forms, the last three of which are from 
the Fox Hills sandstone, are described in this 
paper: 

Fetalolepifl? fibrillatus n. sp. 
Gycloides? incertus n. sp. 
Hypsodon? radiatulus n. sp. 
Echidnocephalus? americaniifl n. sp. 
HehnintholepiB venniculatus n. sp. 
Cydolepis stenodinus n. sp. 
Hemilampronites hesperius n. sp. 

According to previous records about half a 
dozen Niobrara genera (Hypoaodonj SyUaemus, 
Protosphyraena, IckthyodecUs, Empo or Cimo^ 
lichihya, and perhaps PackyrMzodus) survived 
to the Pierre ; but not one of these is recorded 
from the Fox Hills. This means little, per- 
haps, as hardly anything has been known of the 
Fox Hills fishes. 

CmCO QBOTTP. 

The following species from the Moreno for- 
mation of the Chico group of California are 
described below: 

Chicolepis punctatus n. sp. 
Pomolobus? chicoensiB n. sp. 
Erythrinolepis chicoensis n. sp. 
Echidnocephalus? pacificus n. sp. 

DESCREPnON AND SYSTEMATIC DISCUSSION OF 

SPECIES. 

PISCXS. 

SnbolasB CHOKDBOSTXI. 

Family ACIPXNSXSIDAX. 

Scutes of Acipenser {A. toliapicus Woodward) 
are known from the London clay Qower Eocene) 
of the Isle of Sheppey. The plates named A. 
cretaceua Daimeries, from the Senonian of 
Belgium, are said by Woodward to belong 
apparently to some fish related to Dercetis or 
Eurypholis, and therefore are not chondrostean 
at all. In the Belly River formation (Upper 
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Cretaceous) of Red Deer River, Alberta, 
Lambe found a scute which he called Acipenser 
albertensis. In the same deposit he found part 
of an elongated snout which bore a series of 
teeth, much like that of the more ancient 
Sawrorhynchus (BdoriorhynchtLs). This he 
named Diphyodus longirostris, but he did not 
attempt to indicate its affinities. It was after- 
ward stated by Hatcher ^ that remains similar 
to both these fossils were common in the Judith 
River and Lance formations in certain localities 
in Montana and Wyoming. The associated 
fossils indicated fresh-water conditions, so the 
absence of such remains from the Upper Cre- 
taceous marine beds is not surprising. The 
question naturally arises whether by any possi- 
bility the Acipenser, so called, was in fact a 
toothed sturgeon, DipTiyodus representing the 
jaw of the same fish. The Saurorhynchidae 
seem not to have survived to the Cretaceous 
(Stenoprotome Hay, from Syria, being a very 
dubious representative), but it is possible that 
toothed sturgeons more or less intermediate 
between the Saurorhynchidae and Acipenser- 
idae existed in that period. 

Subclass TELEOSTXI. 

Order HALECOMOBPHI. 

Fitmily FBOTOSPHTSAENIDAiB. 

Protosphyraena Leidy {Erisichihe Cope) is 
abundantly represented in the Niobrara of 
Kansas and has one species each in the Benton 
and Pierre. It is known mainly by the rostra 
and pectoral fins, and there is in the descrip- 
tions no mention of scales. Hypaocormua, con- 
sidered to be related to it, has smooth scales, 
small and deeply imbricating. 

Order ISOSPONDTLI. 
Family ALBTTUDAX. 

I have supposed that the Albulidae {AVyula 
and Dixonina) were the only fishes above the 
Halecomorphi that had longitudinal basal 
circuli or fibrillae.' I find, however, that this 
peculiarity is shared by AlepocepTialus agassizi 
(Alepocephalidae). Benthoaphyraena macrop- 
tera, also referred to the Alepocephalidae, has 
small round scales wholly unlike those of Alepo- 
cepTialus, The Alepocephalus scales, although 
having longitudinal basal fibrillae, are in other 
respects entirely different from those of the 

1 U. S. Oeol. Survey Bull. 257, p. 69, 1905. 

s U. 8 Bur. Fisheries Bull., voL 32, p. 122, tig. 2, 1912. 



Elopidae, being shaped much like the sole of 
the foot, the nucleus subapical, with coarse con- 
centric circuli above it, the lower maigin 
broader and thin, neither crenulated nor with 
radii. The albuhd scale, on the other hand, is 
subquadrate, with broad crenate lower margin 
and a few distinct basal radii. The albulid 
fibrillae are tuberculate, as in the Dipneusti; 
this is not true of AUpocephcAus. 

In view of their primitive characters, the Al- 
bulidae must have existed in the Cretaceous. 
The recorded species which have been assigned 
to this family, however, do not appear to be- 
long there. Prochanos is to be referred to 
Chanidae. Istieus goes in Pterothrissidae. 
Ancylostylos from Croatia may be referred to a 
distinct family, of which it is the typical genus. 
Arioffinius Cope (SyrUegmodus Loomis), from 
the Niobrara of Kansas, may go in Pterothrissi- 
dae, but not in Albulidae or Osteoglossidae, to 
which it has been referred. PleOiodus forms a 
family, Plethodontidae, to which Hay also 
refers Anogmius. Apsopdix, to judge from 
Cope's description of the scales, seems to have 
some resemblance to the Albulidae, where it is 
provisionally placed by Hay. Cope states that 
the circuli are«vertical, except in the region of 
the nucleus. The position of this genus must 
for the present remain imdecided. Finally, 
PeUdolepis divaricates (Oeinitz), based on a 
scale from the Turonian of Saxony, appears to 
be a genuine albulid. An American scale is 
provisionally referred to the same genus. 

Gkniu PXTALOLEPIS Stelnla. 

Petalolepis? fibrillatus Cockerell, n. sp. 

Plate XXXI, figure 1. 

Scale 8.5 millimeters in diameter, subquad- 
rate, but with obtusely rounded angles, a very 
little longer than broad ; lines of growth evi- 
dent, concentric, but the very fine fibrillae 
strictly longitudinal from one end to the other, 
except that toward the basal margin they curve 
inward, becoming more or less transverse, fol- 
lowing the wavy outline of the maigin; the 
fibrillae are not tuberculate or beaded, as tbey 
are in AUnila; as in Petalolepis divaricatus, on 
each side of the middle line in the basal r^on 
the fibrillae become curved and end by meetiiig 
each other at a very acute angle; there is a 
strong median plica on the basal half of the 
scale, but no ordinary radii, and this agrees 
with P, divaricatus. 
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U. S. G. S. locality 6094. Cretaceou3, Mesa 
Verde fonnation, 14 miles north of Rock 
Springs, Wyo., a little east of center of sec. 26, 
T. 21 N., R. 104 W. (CoUected by V. H. 
Bamett.) 

A similar but much larger scale may repre- 
sent a related species, but the surface a^ pre- 
served presents a very fine irregular reticula- 
tion, with concentric lines of growth, and it can 
not be determined whether the fibrillae are 
longitudinal. So far as the visiWe characters 
go, this agrees with Winkler's problematic 
OydoideSy and it may provisionally stand as 
described below. 

Cycloides? Incertus Cockerell, n. sp. 
Plate XXXI, figure 2. 

Scale 16 millimeters in diameter (C inciaus 
Winkler is 17.5 millimeters in diameter), sub- 
quadrate; apical margin broadly roimded, 
apparently a little crimped; laterobasal angles 
obtuse but distinct; a very strong median 
plica on the basal three-fourths, the growth 
lines turned upward on approaching it, as in 
Winkler's figure. 

U. S. G. S. locality 5177. Cretaceous, Mesar 
verde formation, about 5 miles southwest of 
Sycamore, Wyo., in the NE. { sec. 12, T. 19 
N., R. 103 W., in the Rock Springs region. 
(Collected by V. H. Bamett.) • 

In the general form and median phca this 
scale is suggestive of that of Mugil curema. 
The same sort of plica and basal margin may 
be seen in scales of the cyprinid Cirrhina 
fuUieni. There is also a conspicuous median 
basal plica in Chanos, but it is broad and 
shallow, not forming a line. 

FamUy LXPTOLXPIDAX. 

A family f oimd in the Cretaceous of Europe, 
surviving from the older Mesozoic. ''Scfdes 
thin, cydoidal, and deeply imbricating, usually 
ganoid in their exposed portion; lateral line 
not observable." (A. S. Woodward.) 

Family BLOPIDAX. 
Genus HOLCOLXFIS Von der ICarok. 

This genus was called RhaMolepia by Von 
der Marck in 1863, but Troschel had earlier 
(1S57) used that name for a palaeoniscid fish. 
Holcolepis was proposed in 1868. Agassiz, 
who had proposed the name Osmeraides for an 
entirely different fish^ unfortunately trans- 
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f erred it in 1844 to a species of HolcoUpis; and 
in this he has been followed by several authors. 
The genus Holcolepis is certainly to be referred 
to the Elopidae, even after the removal of such 
genera as Pachyrhizodus, which A, S. Wood- 
ward places in that family. The teeth are 
minute, entirely different from those of Pachy- 
rhizod/us. The dorsal fin is less modified than in 
modem Elopidae. Holcolepis has not hitherto 
been reported from the North American Cre- 
taceous, our nearest form being Spaniodon 
simus Cope, a form with smooth scales. 

A. S. Woodward* described the scales of 
'Holcolepis as ^' often ornamented in their ex- 
posed portion with dehcate radiating lines of 
minute tubercles, marked in their covered por- 
tion with a few radiating grooves terminating 
in notches at the anterior truncated margin; 
hinder margin not serrated; course of lateral 
line indicated by a feeble ridge and a notch in 
the hinder border of most of the scales" — that 
is to say, the scales have basal radii; but in a 
later pubUcation ' Woodward shows a scale of 
Osmeroides lewesiensis (^^ Holcolepis lewesien- 
sis) without any such radii. 

Osmeroides divaricatus Geinitz, 1868, is 
based on the scales of an albulid fish, and 
takng up the name Petalolepis Steinla, pub- 
lished by Geinitz as a synonym, the species 
becomes Petalolepis divaricatus. 

Osmeroides lewesiensis (Mantell) as deter- 
mined by Geinitz from the Turonian of Saxony 
consists of a mixture of different things, none 
of them identical with the English fish. One, 
the most recognizable, is similar to the living 
genus Pterofkrissus in the character of its 
scales. This form' unfortunately takes the 
cumbersome name KymatopetcUolepis of Steinla 
and may stand as K. geinitzi n. sp. It has 
four to six fanlike basal radii, the circuli be- 
tween them broken into dots. The nucleus 
is subapical, and the apical region hyaline. 

Osmeroides divaricatus Geinitz as figured by 
Fritsch * is wholly unlike the Geinitz species, 
having transverse basal circuli. There are 
three basal radii, and the basal margin is scal- 
loped. 



1 Catalogue o( (ossil fishes in the British Museum, pt. 4, p. 11, 1901. 
s The fossil fishes of the English chalk, pi. 23, fig. 8, 1907. 

* Geinits, H. B., Die Fossilen Fischschuppen aus dem Pl&nerkalke in 
Strehlen: Oesell. Natur-u. Heilkunde Dresden Denkschr., 1868, pi. 2, 
figs. 10-12. 

* Fritsch, Anton, Die ReptUien und Fische der bdhmischen Kxeide* 
formation, fig. 58, 1878. 



174 



SHOBTEB CONTRIBUTIONS TO GENEBAL GEOLOOY, 1918. 



0. lewesiensis (Mantell) of Fritsch is aJso 
wrongly named. It is a scale with subapical 
nucleus and five strong basal radii, the basal 
margin very strongly scalloped. The scale 
has a strong resemblance to that of Megalops 
cyprinoides, and may therefor^ represent a 
fossil elopid of some unknown genus. 

Osmeroides hdgicus Winkler, 1874, is based 
on a scale apparently congeneric with the so- 
called lewesiensis of Fritsch but considerably 
broader and with more basal radii. It is a 
lai^e soale, the transverse diameter being 15 
millimeters. 

The type of Holcolepis, H. cretaceu8 Von der 
Marck, is imperfectly known, and it is pos- 
sible that the various species supposed to be 
congeneric could be divided into two genera 
with better materials. For the present I 
assume that the scale of H. leweaiensiSf well 
figured by Woodward, is typical of the genus. 
Its most characteristic feature is th^ pseu- 
doctenoid exposed area, ornamented with ra- 
diating lines of pustuliform markings, derived 
from the circuli. H. latifrajis (Woodward), 
from the chalk of Kent, is similarly ornamented, 
but the lines are more broken up, producing, 
except near the margin, a pitted or malleate 
effect. The lateral line is very distinct. In 
H. levia (Woodward), from the chalk of Kent 
and Sussex, the scales possess ''fine radiating 
ornament" and have distinct basal radii. 
They aro therefore similar to those of the 
modem Elops, and the fish may not be con- 
generic with the others. 

The modem Elopidae (ElopSj Tarpon, Mega- 
lopa) have very distinct basal radii, 3 in TarpoUj 
about 5 to 7 in Megalops, and 12 to 18 in Elops. 
The basal margin is very strongly crenate in 
MegcHopSj moderately in Tarporij but feebly 
in Flops. In Tarpon the apical field has a 
radiating sculpture of minute tubercule-like 
elements, not clearly visible on casual inspec- 
tion. This is the Holcolepis sculpture, but 
very much finer and less conspicuous. In 
Megalops the region above the nucleus shows 
granulations but not distinct radial lines; 
there is some approach to the condition of 
Holcolepis latifrona. Elops, above the nucleus, 
shows coarse transverse wrinkled lines, but the 
broad apical field is free from markings derived 
from the circuli and presents a number of 
parallel radii. Apparently, then, the early 
elopids (Holcolepis) had the exposed part of 



the scale prominently sculptured with lines or 
rows of tubercles derived from the circuli, 
while the covered part was either without 
evident sculpture, except the fine circuli, or 
had a few distinct radii. The development 
has been toward the loss of the apical sculp- 
ture and the strengthening and increase in 
number of the basal radii. It seems that these 
changes were in process or even perfected as 
early as the Cretaceous, but typical HolcolepiSy 
as here understood, included the more primi- 
tive type. PachyrMzodus, to judge from the 
figure of a scale of P. subvlidens (Owen) pub- 
lished by Woodward (reproduced in PI. XXXJUL, 
fig. 3), had soales of the Holcolepis type, with 
strong or coarse sculpture on the exposed por- 
tion, and the base rounded and without radii. 
The scale was parallel-sided, and longer than 
broad, the reverse being true of typical Holco- 
lepis. Thus, though we may well place Pachy- 
rhissodus in a distinct family, it may ha^m had 
a common ancestor with the elopids, possessing 
the HolcolepiS'^Jke scale. 

Ill the American Cretaceous fauna the 
species described below, based on scales, are 
referred to Holcolepis, as understood in a 
rather broad sense. Outside of the Elopidae 
the scales show a certain general resemblance 
to those of Avhpus (Aulopidae), but in that 
genus the margin is strongly dentate. 

Holcolepis palcheOus CockereD, n. sp. 

PUte XXXI, figurofl 3, 4. 

Scale 7 millimeters in diameter, approximately 
circular, the apical margin obtusely angulate 
in the middle; nucleus only a little above the 
middle; lower margin not at all crenate; six or 
seven basal radii very feebly indicated, not 
distinctly developed, not definitely cutting the 
circuli; apical field with very numerous paral- 
lel raised lines, but toward the nucleus with 
wavy lines as in Elops. 

One mile south of the Boetcher ranch, in the 
NE. J SW. i sec. 32, T. 10 N., R. 81 W., North 
Park, Colo. (Collected by A. L. Beekly and 
Harvey Bassler.) This is Beekly's locaUty 37.^ 
It is referred to the Niobrara, but the scales 
from this and several other localities referred by 
Beekly to the Niobrara resemble those from the 
Mowry and are therefore believed to have 
como from the Benton shale. All the localities 

» Beekly, A. L., U. 8. Geol. Survey Bull. 596, p. 42, 1915. 



SOME AMERICAN CBETACE0U8 FISH SCALEB. 



175 



thus under suspicion failed to yield any charac- 
teristic Niobrara Mollusca, and the collection 
from Beekly's locality 59, which did include 
Ostrea congesta Conrad, offered no such scales, 
but only one of IcJUhyodedes, the so-called 
''Cfladacydus." 

H. pulcJieUtLS was also found on the north- 
west shore of Lake John, in the SE. i SW. { sec. 
34, T. 10 N., R. 81 W., North Park, Colo., 
by Beekly and Bassler. This is Beekly^s 
locaUty 35. 

HolcolepU deHcatus Cockerell, n. sp. 

Plate XXXI, figure 5. 

Scale 10 millimeters in diameter, subcircular, 
similar to H. pvicheUtLS, but apical margin 
rounded, nucleus a httle below the middle; 
lines of exposed area finer and denser, with more 
or less evident pits between; only vague indis- 
tinct suggestions of basal radii. 

Big Horn Basin, in the SE. i SE. i sec. 15, 
T. 43 N., R. 94 W., Wyoming. Near base of 
Mowry shale. (Collected by C. T. Lupton.) 

Hbkolepis transyersus CockereD, n. sp. 
Plate XXXI, figures &-13. 

Scales subquadrate, on sides nearly twice as 
broad as long, on other parts often narrow, 
varying to about as broad as long; laterobasal 
angles commonly rather prominent; apical 
margin broad, flattened or depressed in middle, 
not angular; no basal radii, but often a single 
median fold, rather indistinct; apical modified 
patch V-shaped, ornamented with a series of 
closely set interrupted ridges, without pits be- 
tween; circuli fine, the lateral ones directed up- 
ward, meeting the margin at a very acute angle; 
nucleus approximately central. 

Type a scale 9 millimeters in diameter, from 
TJ. S. G. S. locality 6682, Slate Creek, Mount 
Leidy quadrangle, Wyo. (CK)llect^ by EUot 
Blackwelder.) MoUusks of this locality are 
said to be not characteristic and may belong 
either in the Montana group or the upper part 
of the Colorado group, but the fish scales indi- 
cate Colorado (Benton) age. Other scales in 
the same lot, referred to this species, are 11 
millimeters and 14' miUimetei's in diameter. 

I also refer to this species the following: 

U. S. G. S. locaUty 6681. Cretaceous, prob- 
ably Aspen, Slate Creek, Mount Jjcidy quad- 
rangle, Wyo. (Collected by Eliot Black- 
welder.) Scale 10.5 millimeters in diameter. 



U. S. G. S. locality 6713, Cretaceous, Mowry 
shale, southeast of camp at old chimney. Sisters 
Hill, Buffalo, Wyo. (Collected by O.^B. Hop- 
kins.) Scale 9 millimeters long and 11 miUi- 
meters wide; another scale 7 millimeters wide. 

The two following specimens . are about as 
broad as loiig and probably came from the 
vicinity of the caudal peduncle. 

U. S. G. S. locality 4421. Mowry shale, Cas- 
per region, sec. 29, T. 33 N., R. 74 W. sixth 
principal meridian, Wyoming. (Collected by E. 
W. Shaw.) Scale 12.5 miUimeters in diameter. 

U. S. G. S. locality 3417. Lower (Benton) 
part of Mancos shale. Steamboat Springs, 
Routt County, Colo., on ridge near mineral 
springs, just west of town and south of Yampa 
River. (Collected July 13, 1905, by T. W. 
Stanton and H. S. Gale.) 

Holcohfis iransversus is closely related to H, 
steijilai (Geinitz), published by Geinitz as Aero- 
grammatolepis steinlai, the figure upside down. 
The H. steirdai scale is 7 by 6 millimeters and 
has the nucleus apparently more basally placed 
than in H, transvers-us. It is from the Turonian 
of Saxony and may very likely be identical 
with the English H. lewesiensis ^antell), from 
beds of about the same age. 

Holcoleiiis obliquns Cockerel], n. sp. 

PUte XXXII, figure 1. 

Scales 10 miUimeters in diameter, much 
broader than long, without any .trace of basal 
radii. Similar in most respects to H. trans- 
versuSy but remarkable for the brevity of the 
elements in the apical patch and for the lateral 
circuli being obUque, at the middle of the side 
reaching the margin at an angle of about 45°, 
and above this becoming almost transverse. 

Type collected with H, transversuSj in Mowry 
shale at U. S. G. S. locality 4421. Details are 
given above. 

Holcolepis? mandible. 

Plate XXXII, figure 2. 

In confirmation of the existence of a typically 
elopid type of fishes in the North American 
Cretaceous, I give a figure of a mandibular 
ramus which seems to belong to Holcolepis or 
a closely related genus. It diflFers from that of 
H. lewesiensis in the straight (not concave) 
descending upper margin of the dentary, and in 
this respect more resembles the modem Flops. 
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It was collected* by A. C Veatch in the 
NW. i SW. i sec. 8, T. 19 N., R. 79 W., 
Carbon County, Wyo., and is ascribed to the 
Colorado group. From the associated scales, 
which include an imperfect specimen of Holco- 
lepis, either pvlchdhis or a clbsely related 
species, I infer that the material is from 
the Benton. The mandible and the Holcolepis 
scale probably belong to the same species. 

Qenns BHACOLEPIS Asassiz. 

Dr. D. S. Jordan has kindly sent me material 
of Rhacolepis biLccalis Agassiz, from the Creta- 
ceous of Ceara, Brazil. The scales are broad, 
with coarse, rather widely spaced circidi, trans- 
verse above and below die nucleus, and many 
of them broken or anastomosing above the nu- 
cleus. The apical margin is delicately plicate, 
with a series of parallel ridges, very much as 
in Ctenoihrissa, This marking probably cor- 
responds with the system of apical radii of 
BJlops and has nothing to do with the pseudo- 
ctenoid sculpture, derived from the circuli, of 
Holcolepis. Rhacolepis is therefore entirely 
distinct from Holcolepis, and the scales can 
not be confused. It is just possible that the 
PachyrhieodtLS scale, which seems from Wood- 
ward's jSgure (reproduced in PI. XXXII, fig. 
S) to be of the same general type as that of 
Holcolepis, is really constructed in the manner 
of RiKicolepiSy but with the shape entirely 
different and the apical plicae much longer. 

Qenus NOTXLOPS Woodward. 

In the Brazilian Cretaceous Notdops hrama 
' <Agassiz), also received from Dr. Jordan, the 
•circidi are finer and denser than in Rhacdlepis. 
I can not make out any '' delicate radiating 
ridges,'' mentioned by Woodward, but the 
material is not very good. Jordan and Bran- 
ner^ state that the scales are cycloid and 
entire. They are, in any event, wholly dis- 
tinct from those of Rhacolepis. 

(Jenns HXLMINT^OLXPIS Cockerell, n. i^en. 

Scale cycloid, circular, or sUghtly longer 
than wide, about 17 millimeters across in the 
type; nucleus a little below the middle; cir- 
culi fine, concentric on basal half but longi- 
tudinal and very wavy, like minute worms, on 
apical half; the apical marginal area deli- 
cately longitudinally striate, with about five 

1 SmitliBonian Mlac. Coll., toI. 52, p. 9, 1908. 



circuli between each pair of strisB or fine radii. 
This may not be elopid, but I do not know 
where better to refer it. The striate margin 
is like that of Hypsodon, but there are no 
tubercles, and the microscopic structure is 
very different. There are no radii in the basal 
field, and the lower margin is broadly rounded. 
Type H. vermiculaius. 

Helmintholepis yennicnlatiis Cockerell, n. sp. 

Plate XXXII, figure 4. 

Diameter about 17 millimeters. 

U. S. G. S. locaUty 9184, Cretaceous, Fox 
HiBs sandstone, north side of Thompson 
River, near top of ridge about H miles north- 
east of Milliken, sec. 1, T. 4 N., R. 67 W., 
Greeley quadrangle, Colo. (Collected by T. E. 
Wilhard.) The type scale partly overlaps a 
scale of HemUampronites hesperius. 

Family PTXBOTHBISSIDAX. 

The interesting family Pterothrissidae is 
represented to-day by Ptero(hrissus Hilgendorf 
(Bathyffirissa Guonther) from deep water off 
Japan. It is related to the albulids, but the 
scales have the circuU of the median and basal 
regions (a large inverted V-shaped area) broken 
up into dots and fine rugae. In the Cretaceous 
rocks of WestphaUa and Syria the family is 
represented by the genus Istieus, the scales of 
which are said to be eUiptical, not pectinated 
(A. S. Woodward). Anogmius, from the Nio- 
brara of Kansas, seems to be more or less 
related. Kymatopetalolepis geinitzi Cockerell, 
based on scales from the Turonian of Saxony, 
appears to be typically pterothrissid. Chico- 
lepisj a new genus from the Chico, may also be 
referred to this family. 

Qenns CHICOLEPIS GoekereU, n. i^en. 

Scales broad, subquadrate, shaped as in 
Pterothrissus, with very broadly rounded apical 
margin; nucleus apical, very near the maigin; 
sides vrith dense simple longitudinal circuli , 
passing vertically up to the apical margin; the 
whole area inclosed by lines drawn from the 
middle of the apex to the laterobasal comers is 
covered with minute punctiform dots, the cir- 
culi having combined to form an extremely 
dense honeycomb-like reticulation, the punc- 
tures round and often running more or less 
in transverse series. In the region of the 
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lateral circuli are here and there streaks of 
punctured surface. No ordmary radii, but a 
median line or plica from base to apex, most 
conspicuous on basal half. This superficially 
resembles PetahUpist JihrillatuSy but its struc- 
ture is veiy different. Type, C. pundatus. 

Chicolepis punctatus Cockerell, n. sp. 

Plate XXXIV, figure 1. 

Soale 16 millimeters in diameter; laterobasal 
comers rectangular. 

U. S. G. S. locality 7030. Cretaceous, Chico 
group, south side of Ortigalito Creek, Cal., in 
Moreno formation. (Collected by Robert An- 
derson.) For further description of locality 
see Pomolohus chicoensia. The absence of the 
ordinary radii at once distinguishes this species 
from Pterothrissus and Kymatopetalolepis. 

Family ICHTHTODXCHDAX. 

The fishes assigned to the Ichthyodectidae 
can not be referred to Chirocentridae ; the scales 
are radically and entirely different from those 
of the living Chirocentrus, and the teeth are 
implanted in deep sockete. Stewart also seems 
fully justified in separating the Saurodontidae, 
especially on account of the remarkable im- 
paired predentary.* 

Oenns HYPSODON Asassiz. 

The type of Hypsodon is H. lewesiensis, but 
unfortunately Agassiz included under this 
name fishes that were not even congeneric. 
Cope, commenting on this fact, remarked that 
Hypsodon included some fishes with teeth of 
equal length and others in which they were 
unequal. He proposed to restrict the name to 
the genus having equal teeth, and according 
to this decision Hypsodon would take the place 
of the genus later named Pctchyrhizodus by 
Dixon. However, the specific name leivesi- 
ensis was adopted from ManteU, who had de- 
scribed the fish with unequal teeth as Mega- 
lodonf lewesiensis. It is this fish which Agassiz 
figured in " Recherches sur les poissons fossiles,'' 
volume 5, Plate XXVa, figure 3, and Plate 
XXVb, figures 1-3. This appears to fix the 
tjrpe in a contrary sense to Cope's decision, and 
Hypsodon takes the place of Portheus Cope. 
Stewart suppressed Portheus in favor of 
XipTuictimLS Leidy, which was based on a 
pectoral fin spine of the same species as Cope's 
type of Portheus. Hypsodon is much older, and 



the giant fish of the Niobrara rocks will take 
the name Hypsodon audax (Ijeidy). Portheus 
manteOi Newton, from the English chalk, be- 
comes Hypsodon lewesiensis (Man tell). In 
America the genus is weU represented in the 
Niobrara and has one species, Hypsodon lowii 
{Portheus lowii Stewart), in the Benton. 

The University of Kansas has remarkably 
well preserved material of H. avdax, and 
through the kindness of Prof. S. J. Hunter I 
have received photographs of the scales, which 
are reproduced here. 

Hypsodon aadax (Leidy) CockerelL 

Plate XXXII, figure 8; Plate XXXIII, figuKs 1, 2. 

Xiphactintu audax Leidy, Acad. Nat. Sci. Philadelphia 
Proc., p. 12, 1870; U. S. Geol. Survey Terr. Rept., 
vol. 1, pp. 290, 348, pi. 17, figs. 9, 10, 1873. 
Cope, U. S. Geol. Survey Terr. Rept., vol. 2, p. 276, 

1876. 
Hay, Zool. Bull., vol. 2, p. 27, 1898. 
Stewart, Kansus Univ. Quart., vol. 7, p. 115, 1898; 
idem, vol. 8, p. 107, 1899; Kansas Univ. Geol. Sur- 
vey, vol. 6, p. 267, pis. 33-47, 1900. 
Saurocephaltu audax (Leidy) Cope, Am. Philos. Soc. Proc., 
vol. 11, p. 653, 1870; U. S. Geol. Survey Terr. Ann, 
Rept. for 1870, p. 418, 1871. 
Portheusf audax (Leidy) Hay, U. S. Geol. Survey Bull. 
179, p. 384, 1902. ^ 

Scales extremely hroad, the width about 
twice the length, though on the caudal peduncle 
they are undoubtedly much narrower. Ex* 
posed area densely covered with small tubercles^ 
which in the apical region are arranged in longi- 
tudinal series, being in fact situated on longi- 
tudinal ridges. The basal region has fine con- 
centric lines of growth, and numerous more or 
less broken radii, spread out in broad fan 
shape. The Cladocyclus ocddentalis of Leidy, 
which has page priority over Xiphactinus 
audaxy is based on just such scales, but whether 
of the species H. auddx it is not at present pos- 
sible to decide. Loomis thought the C. occi- 
derUalis scales belonged to Ichthyodectes (or 
OiUicus) arcucUus Cope, and wrote Ichthyo^ 
dectes occidentalis (Leidy) for that species. 
Tlus assignment certainly can not be main- 
tained. It appears that the type locality of 
(7. occidentaZis is uncertain : On one page Leidy 
says that the material came from Nebraska; 
on another he says that it came from Sage 
Creek, Dakota. Leidy suggested that the 
scales before him probably belonged to several 
species. 
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The name Cladocydus Agassiz was based on 
scales from Brazil {C. gardneri Agassiz), which 
do not appear to be identical with any of the 
North American or European genera, though 
there is close similarity in the branching lateral 
line canals. I have material of the Brazilian 
fish, kindly sent by Dr. D. S. Jordan. Wood- 
ward, in his '' Fossil fishes of the English 
chalk,' ' abandons the use of Cladocydus for 
European fishes, remarking that Agassiz re- 
ferred to this ^enus scales of the Ichthyodectes 
type, calling them all Cladocydus lewesiensis. 
The scales which Geinitz called Cladocydus 
streKlensis were in the main of this same type. 

The question which now arises is whether 
scales of Hypsodon can be clearly distinguished 
from those of Ichthyodectes. Woodward figures 
Idiihyodectes scales, and they differ from those 
of Hypsodon only in the strictly entire basal 
radii. In Ichthyodectes j as I understand it, 
the basal part of the scale frequently splits 
along the radii, producing the appearance of 
a frayed edge of separated narrow bands. The 
lateral line canal is branched, more or less 
Y-like, or rarely in the complex manner of the 
Brazilian Cladocydus. A photograph of 
*^ Cladocydus lewesiensis,'* received from Dr. 
A. S. Woodward, shows the fraying-out effect 
very well and should represent Ichthyodectes. 
The species of Hypsodon and Ichthyodectes re- 
corded from the Kansas Niobrara are ntimerous, 
and it will be dilBBcult or impossible to connect 
them all up with their scales. 

A very fine scale, 40 millimeters long and. 35 
millimeters broad, comes from the Niobrara of 
New Mexico (U. S. G. S. locaUty 8354, Meloche 
ranch, eastern edge of Raton quadrangle; col- 
lected by W. T. Lee). It is not at all of the 
same shape as the Kansas University H. audax 
scales, but it presumably comes from the caudal 
region, and is similar to one of the scales 
figured by Leidy as Cladocydus ocddentalis. 
Tte striae in the apical region are very delicate, 
and the tubercles are between the ridges in- 
stead of upon them; but this is probably a 
reverse impression. In view of the large size 
and general agreement in characters this scale 
is referred to H. audax. 

A still larger H. audax scale comes from 
Wyoming (10 miles southeast of Glenrock, in 
the SW. i NE. i sec. 29, T. 33 N., R. 74 W.; 
collected by V. H. Bamett) ; it is 51 millimeters 
across. 



Typical H. audax scales, about 50 milli- 
meters across, have been found in the Mancos 
shale 1^ miles northeast of Columbine, Routt 
County, Colo. (Collected by Colorado Geo- 
logical Survey.) 

Hypsodon lowil (Stewart) CockerelL 

Plate XXXIV, figure 2. 

Portheus lowii Stewart, Kanaaa Univ. Quart., vol. 7, p. 
24, pi. 2, fig. 2, 1898. 
Hay, U. S. Geo!. Survey Bull. 179, p. 384, 1902. 
Xiphaetinus hwii (Stewart) Hay, Zool. Bull., vol. 2, p. 
' 27, 1898. 

Stewart, Kansas Univ. Geol. Survey, vol. 6, p. 293, 
pi. 48, fig. 2, 1900. 

U. S. G. S. locality 7294. Cretaceous, 
Benton, sec. 20, T. 9 N., R. 77 W., half a mile 
northwest of Kerr's ranch. North Park, Colo. 
(Collected by A. L. Beekly and Harvey Bassler.) 
A large scale, 32 millimeters across, provision- 
ally referred to H. lowii, as it is exactly the 
sort of scale that species might be expected 
to have. 

Hypsodon? radiatnliis Cockerell, n. flp. 

a 

Plate XXXII, figures 6, 7. 

Scale 15 millimeters across, with apical 
ridges but apparently without the tubercles of 
H. a/udax. Another scale, 15.5 millimeters 
across,. is of the same species but latinucleate 
(renovated). As this species comes from a 
later formation than the Niobrara, it m doubt- 
less distinct from the Kansas fishes described. 

U. S. G. S. locality 5177. Cretaceous, Mesa 
Verde, about 6 miles southwest of Sycamore, 
Wyo., in the NE. J SE. J sec. 12, T. 19 N., 
R. 103 W., in the Rock Springs region. (Col- 
lected by V. H. Bamett.) Cydcidest inceriui 
is from the same locality and horizon. 

U. S. G. S. locality 5174. Cretaceous, Mesa 
Verde, about 2^ miles north of Sycamore, Wyo., 
in the SE. J sec. 17, T. 20 N., R.- 102 W. 

Hypsodon? granulosus CockereD, n. sp. 

Plate XXXII, fig:ure 5. 

Scale nearly circular, slightly broader than 
long, about 21 millimeters in diameter, basal and 
apical margins rounded; circuli fine, con- 
centric, except in large exposed area extending 
to the region of the nucleus in the center of the 
scale, where the surface is finely rugose, without 
the definite tubercles of H. audax; apical mar- 
gin longitudinally striate but not tuberculate; 
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base with about a dozen imperfect and broken 
radii. 

U. S. G. S. locality 4874. Cretaceous, Mowry 
shale, 100 double paces south of the north 
quarter comer of sec. 19, T. 28 N., R. 91 W., 
near North Rawlins, Wyo. (Collected by O. P. 
Hopkins.) 

It is possible that this species and HJ radia- 
iulus belong to elopid fishes, and not to the Ich- 
thyodectidae. With H.f granulosus occurred 
Leucickihyo'ps vagans and HolcoUpis transversus. 

QetLOs ICHTHTODXCTBS Cope. 
Plate XXXIV, figures 3, 4. 

About eight species of Ickthyddedes are known 
from the Niobrara of Kansas. Three species 
occur in the chalk of England. The type 
species is /. denodon Cope from Eimsas. At 
present we can do no more than recognize the 
genus fron the scales; it is doubtful whether 
the scales exhibit specific characters. The two 
following are characteristic: 

U. S. G. S. locality 2402. Cretaceous, lower 
part of Colorado shale, creek north of Lower 
Sherburne Lake, Swift Current Valley, tribu- 
tary to St. Marys River, Mont., latitude 48° 
50-55', longitude 113° 25'. (Collected by 
Bailey Willis and Stuart Weller.) Scale 6 
millimeters in diameter. 

U. S. G. S. locality 7277. Cretaceous, Nio- 
brara, in the NE. J SE. J sec. 34, T. 7 N., 
R. 82 W., east of Clover Valley telephone line, 
about 3 or 4 miles south of Butler, North Park, 
Colo., yellow sandy material. (A. L. Beekly.) 
This is Beekly's locality 59.* Ostrea congestd 
occurred in the same material. 

Ichihyodectes scales also occur in Benton 
rock north of Boulder, Colo., where they were 
collected by Prof. J. Henderson (Colorado 
Univ. Mus. 459). One of these scales, 15 
millimeters in transverse diameter and about 
11 millimeters long, is from the lateral line and 
is remarkable for the complex, treelike system 
of branching canals, quite as complex as in the 
Brazilian Cladocydus, This species tends to 
weaken our conviction that Ichthyodectes and 
Cladocydus are really different genera; but the 
scales of Cladocydus gardn^ri differ in the basal 

I U. S. Oeol. Surrey Bull. dW, p. 42, 1915. 



region from those of Ichthyodectes j and in view of 
the difference of locality there is no great proba- 
bility that the fishes are really congeneric. 
Moreover, as A. S. Woodward shows, C. yard- 
neri differs also from Ichthyodectes in the more 
anterior position of the dorsal fin. 

Ichthyodectes lihanicus (Pictet and Humbert), 
from Syria, which I have examined in the 
American Museum of Natural History, has 
very broad scales, smooth and porcelain-like 
on their exposed parts. Woodward states that 
the species has the dentition of Ichthyodectes, 

Gretaceons fish scales from Tnikestaa. 

Plate XXXrV, figures 6-12. 

G. D. Romanowsky * has figured certain Cre- 
taceous scales from Turkestan, and the figures 
are reproduced on Plate IV. 

Figures 6, 7, 8, referred by Romanowsky to 
Cladocydus strehlensis Geinitz, agree with 
Hypsodon. 

Figure d, referred to Osmeroides lewesiensis 
var., appears to be immature Hypsodon, the 
scale probably from the subcaudal region. 

Figure 10, referred to Cladocydus ^ehlensis, 
agrees with Ichthyodectes. 

Figure 11, called Osmeroides pectinolepis 
Romanowsky, is imperfect and apparently 
latinudeate (regenerated) ; it may be IcMhyo- 
dectes. 

Figure 12, called Beryx sp., can not be de- 
termined. It shows nothing to justify a refer- 
ence to the genus Beryx. 

7amlly PLETHODONTIDAX. 

The scales of Plethodus are unknown; the 
species are distinguished by the form of the 
dental plates. Anogmius Cope, well repre- 
sented in the Niobrara of Kansas, is placed in 
the Plethodontidae by Woodward and Hay. 
Its former reference to the Osteoglossidae was 
manifestly incorrect; no Cretaceous Osteo- 
glossidae are known, nor are they likely to be 
foimd im marine strata. The scales of Anog- 
mius polymicrodus Stewart, as described by 
A. S. Woodward, are ** moderately thick, show- 
ing only lines of growth; they appear to have 
been deeply overlapping." 

1 Materlalul dlya geologii Turkestanskago kraya, pts. 2, 3, 1884, 
1800. 
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Family CLXJPEIDAX. 
GeniM POMOLOBUS Bafinesque. 

Pomolobiis? chicoensis CockereO, n. sp, 
PUte XXXIV, fig:iire 5. 

Scales 4.2 millimeters broad, considerably 
broader than long, cycloid, with the hyaline 
apical margin at most slightly crimped; cov- 
ered portion with very fine strictly transverse 
circuU; a more or less distinct median longitu- 
dinal groove or fold on basal half; three trans- 
verse radii, the second and third interrupted in 
middle, the interval a little greater than half 
the length of either lateral division. 

U. S. G. S. locality 7030. Cretaceous, Chico 
group, south side of Ortigalito Creek, Cal., 1 
mile above the mouth of its canyon and IJ 
miles northeast of Erreca's, in base of gully 
draining north along west line of the SW. \ sec. 
28, T. 11 S., R. 10 E., and joining Ortigalito 
Creek near center of west line of section. In 
shale of Moreno formation, below the fossil- 
iferous conglomerate. (Collected by Robert 
Anderson.^ 

This scale exactly agrees with the living genus 
PamolobuSf differing from P. pseudoharengus 
(Wilson), from Lake Ontario, only in the di- 
.rectly transverse, not distinctly oblique broken 
radii. It is very Ukely that other parts of the 
fish would reveal generic distinctions, but per- 
haps it is not impossible that Pomolobus dates 
from the Upper Cretaceous. It is a singular 
thing that such a type should be found in the 
California Chico but should wholly fail to ap- 
pear (so far as my material shows) in the strata 
east of the Sierra Nevada, whereas to-day 
Pomolobus and its close relative Alosa are found 
only in the north Atlantic and (Alom) Medi- 
terranean. With reference to the antiquity of 
the clupeid type, it may be noted that A. S. 
Woodward * describes a fish from the Lower 
Cretaceous of Bahia, Brazil, as Scombrodupea 
8cutaia, and remarks that it does not differ 
much from Clupea itself. Typical Scombro- 
dupea comes from the much later rocks of 
Mount Lebanon, in Syria, and it is very prob- 
able that the Brazilian fish, when better known, 
will prove generically distinct. In the North 
American Cretaceous we have recorded only 
one supposed clupeid type, SyUaemus Cope 
(Leptichihys Stewart). I have examined scales 

1 LoodoQ OeoL Soo. Quart. Jour., yoL 04, P* 300, 1906. 



of SyUaemus latifrons Cope, the type of the 
genus, and the circidi are not transverse, as in 
Clupeidae.' 

FamUy SALHONIDAX. 
Qeniu LEUdCHTHTOPS CookereU, n. fen. 

Scales similar in type to those of the living 
LeudcJuTiysnigriinnnis (Gill) ; cycloid, the apical 
margin broadly rounded, the basal with abroad 
median lobe, the margin more or less concave 
between this and the rather prominent latero- 
basal angles; apical radii weak, about as in 
LeudcMhys; no basal radii; circuli fine, con- 
centric; growth lines veiy distinct, probably 
indicating that the fish was migratory. Scales 
from caudal region are narrower. Lateral line 
scales have a prominent canal, expanding 
basaUy. Type L, vagans. 

Leodchthyops yasaos Cockerell, n. sp. 

Plate XXXIV, figure 13; Plate XXXV, figurea 1-15. 

The type scale is from U. S. G. S. locality 
7095 and has a diameter of 9 millimat«rs. It 
is distinctly broader than long. The exact 
locaUty is the NW. J SW. J sec. 20, T. 11 N., 
R. 79 W., 1 mile southwest of Dean's ranch, 
North Park, Colo. This is Beekly's locality 
19, supposed to be Niobrara but to judge from 
the fishes apparently Benton. The following 
are also referred to this species, although they 
may represent more than one species, not 
readily if at all separable on scale characters. 
The scales differ greatly in shape, but only as 
might be expected on different parts of the fish. 

1. Scales of the same general form as the 

tjT^. 

Colorado group, in the NW. J SW. J sec. 
8, T. 19 N., R. 79 W., Carbon County, Wyo. 
Scale 12.50 millimeters long and broad. Also 
second scale, incomplete. 

U. S. G. S. locality 3880. Near base of 
Mancos shale, 4 miles east of Meeker. Colo. 
Scale 11 millimeters in diameter. 

Graneros shale, Little Spring Creek, north- 
east comer of Sturgis quadrangle, Black Hills, 
in reddish rock. In addition to normal scales 
there is a large latinucleate (r^enerated) one 
13 millimeters in diameter. 

U. S. G. S. locality 7275. Lower Benton, 
north bank of Norris Creek about 200 yards 

> Zool. Anceiger, Band 45, p. 190, 1914. 
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north of Norris house, 12 to 14 miles south of 
Walden, in the NE. i SW. J sec. 13, T. 8 N., 
R. 82 W., North Park, Colo. (Collected by 
A. L. Beekly.) This is Beekly's locality 57> 
A large scale, diameter 14.5 millimeters. 

2. Narrow scales, presumably from the 
caudal peduncle. 

U. S. G. S. locality 6681. Probably Aspen, 
Slate Creek, Mount Leidy quadrangle, Wyo. 
(Collected by Eliot Blackwelder.) Scale about 

millimeters across, distinctly convex. IIoTr 
cdepis transv^ersus occurs at the same locaUty 
and horizon. 

U. S. G. S. locality 7110. f'robably Benton, 
Beekly's locality 37.' Scale 8.2 millimeters 
across. Holcolepis jmlcheUus occurs at the 
same locality and horizon. 

U. S. G. S. locality 8916. Mowry shale. 
Big Horn Basin, Wyo. (CoUected by C. T. 
Lupton.) For exact data see description of 
Holcolepis delicatus (p. 176), which occurred 
with it. The narrow LencicJUhyops scale is 
accompanied by others of the normal type. 

3. Broad, lateral line scales. 

TJ. S. G. S. locaUty 6682. Cretaceous, prob- 
ably Colorado group. Slate Oeek, Wyo. (Col- 
lected by EUot Blackwelder.) Accompanied 
by a t3rpical scale of the same species and by 
scales of Holcolepis iransversus. 

U. S. G. S. locality 7095. Probably Benton, 
in the NW. J SW. \ sec. 20, T. 11 N., R. 79 W., 

1 mile southwest of Dean's ranch, North Park, 
Colo. This is Beekly's locality 19, the type 
locality of L. vagans. Narrow scales also occur. 
There is also a scale of Holcolepis ohliqnus. 

U. S. G. S. locality 7100. In the NW. J 
SE. J sec. 8, T. 11 N., R. 81 W., northeast of 
the Hill ranch, North Park, Colo. Beekly's 
locality 26,' said to be Niobrara but probably 
Benton. (Collected by A. L. Beekly and 
G. J. Finlay.) The scale is 8 millimeters in 
diameter and is accompanied by a typical 
scale and one of Holcolepis. 

U. S. G. S. locality 7110. Beekly's locality 
37 (see above). 

The scales of Leucichthyops certainly appear 
to indicate a primitive salmonid fish; the bones 
were probably delicate and rarely preserved. 
The scales show a certain resemblance, how- 
ever, to those of Thymdllua, though in that 
• . 1 ■• .... 

1 U. 8. QeoL Surrey Ball. 506, p. 38, lOU. 
* Idem, p. 43. 



genus the lateral line scales are much narrower 
and the median basal lobe is very large. It is, 
of course, possible that in the Cretaceous the 
Salmonidae and Thymallidae were not dif- 
ferentiated. None of the European scales 
figured by Geinitz or Fritsch are of the Leuc^ 
icMhyops type. The scales of AuloUpis typus 
Agassiz, as figured by Woodward,' are curi- 
ously similar to those of Leucichthyops but 
wholly lack the radii in the apical field. 

Qenus CTCLOLEPIS Geinlts. 

The name Cydolepis has been applied to 
subcircular or oval scales, with concentric 
circuli, nucleus central or subcentral, and all 
radii and ctenoid elements wholly al^nt. 
This is, of course, the salmonid type of scale, 
excellently typified by the living Stenodus 
mackenzieiy from Alaska. Caranx scales are 
very similar but have the circuU more or less 
distinctly angular at the sides. The scale 
which Fritsch erroneously calls Aspidolepis 
steinlai Geinitz, from the Cretaceous of Bo- 
hemia, has the shape and moderately eccentric 
nucleus exactly as in Sienodus. A difficulty 
in dealing with scales of this simple type is 
that uncharacteristic scales of quite different 
fishes may closely simulate them, as shown by 
H. F. Taylor * in figures of essentially cycloid 
scales from the head of Cynoacion. Ot course, 
the more characteristic scales of the same 
fishes would be almost sure to appear also in 
the deposits. 

Cydolepis stenodinuB CockereD, n. sp. 

Plate XXXV, figure 16. 

Scale oval, its greater diameter 12 milli- 
meters; nucleus central (not eccentric as in 
Stenodus) ; circuli simple and concentric; rather 
strong growth lines, indicating possible mi- 
gratory habits. Another scale, doubtless of 
the same species, is practically circular. 

U. S. G. S. locality .9190. Fox Hills sand- 
stone, Greeley quadrangle, Colo. (Collected 
by T. E. Williard.) For details of the locality, 
see description of HemUampronites hespervus 
(p. 185), which was found with it. The mol- 
lusk CaJUsta nebraacensis Meek and Hayden 
was in the same material. 



« Woodward, A. S., The fossil fishes' of the English chalk, pi. 19, 
flgB. 3b, 4, 1003. . 
« U. S. Bur. Fisheries Bull., vol. 34, pi. 52, 1014. 
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Family SBTTHBINOLEPIDAJE Cookenll, n. ikm. 
Genus XBTTHBINOLEPIS CookereU, n. gen. 

Scales rather small, subtriangiilar or sub- 
circular, cycloid; basal margin slightly or not 
crenate; circuli normal and concentric on basal 
half but excessively fine on apical half; radii 
apical, basal and lateral, but very irregular 
and often broken. The scales closely resemble 
those of the South American fresh-water 
Erythrininae but lack the coarse vertical cir- 
cuU of the apical area. They may also be com- 
pared with the Old World Cyprinidae, and 
more remotely with the African fresh-water 
genus Phractolaemus. They also show some 
resemblance to Pantodon} 

While I was puzzling over the scales, I re- 
ceived a paper by Eastman ' in which it is set 
forth that the Cretaceous teeth of the genus 
Onehosaurus Gervais (Ischyrhiza Leidy; Gigan- 
tichikys Dames) agree very closely with those 
of the living fresh-water Hydrocyon and J?op- 
lias, characoid genera.' It appeared to be a 
confirmation of Eastman's results that fish 
scales so similar to those of the Erythrininae 
{Hoplias, IloplerythnnuSf and Erythrinus) 
should occur in the Mowty shale. I wondered 
whether the Mowry could be a fresh-water de- 
posit; and this suspicion seemed to receive 
some confirmation in the collection from U. S. 
G. S. locality 6603, in the Uinta Basin, Utah, 
assigned to the Mowry and including poorly 
preserved remains oT land plants. This lot, 
however, included no Erythrinolepis scales. 
Mr. Stanton informed me that although Mol- 
lusca were rarely foimd in the Mowry, two 
locaUties on the southeastern border of the 
Big Horn Mountains had yielded ammonoids 
probably belonging to the genus MeUncoceraa, 
and one of them yielded Inoceramus. These 
are clearly marine. One of these localities 
(4941) yielded also scales of Erythrinolepis, as 
well as those of Ilolcolepis. It must be said 
that the Mowry shale contains scales belonging 
to genera also present in imdoubtedly marine 

I Biol. Boll., vol. 20, pi. 3, fig. 18, ion. 

I Eastman, C. R.^ Dentition of Hydrocyon and its supposed fossil alUes: 
Am. Mus. Nat. Hlrt. Bull., vol. 37, pp. 757-760, 1917. 

* Dr. O. A. Boulenger, of the British Museum, writes me that he has 
read Dr. Eastman's paper and thinks his identification of Oncho9auru* 
with the Characinidae highly probable. He adds: ' 'I shall be pleased if 
he is right, as I predicted the discovery of Upper Cretaceous characinids 
in 1905 (Kept. Brit. Assoc.).'' I thought it possible that PhractoUmrlut 
might be found to have similar teeth, but Dr. Boulenger informs me that 
the teeth of this genus do not show the characteristic base of Ondiotaunu 
and Hydrocvon. 



Benton^ and Erythrinolepis or a very closely 
related form occiurs in the Chico. It can not 
be held, consequently, that Erythrinolepis is a 
fresh-water genus. It is also out of the ques- 
tion to consider Erythrinolepis to be the scales 
of Onehosaurus, for the latter belongs to a veiy 
much later period. 

The apical field of the Erytiirinolepis scale 
appears in most specimens to be vrithout any 
circuU, but in one good example Qocality 4941, 
Big Horn Moimtains) radiating excessively 
jSne apical circuli can be seen, about four or five 
to one of the basal field. Laterally these cir- 
culi are nearly at right angles to the lateral 
ones, which are nearly vertical at this point. 
In the Erythrininae it is the apical series of cir- 
culi which is much coarser than the basal, and 
the lateral apical ones are continuous with the 
basal. We must suppose that Erythrinolepis 
represents a distinct family, Erythrinolepidae, 
though it can not be adequatdy defined. 

Erythrinolepis mowrienais CockereD, n. sp. 

Plate XXXVI, figureB 3-6. 

Scales obtusely subtriangular, the base 
gently convex; radii basal, apical and lateral, 
very irregular, and often incomplete. The 
type is about 5 millimeters in diameter. 

Type from U. S. G. S. locahty 6713, south- 
east of camp at old chimney. Sisters Hill, Buf- 
falo, Wyo., in Mowry shale. (Collected by 0. 
B. Hopkins.) Holcolepis transversus is from the 
same locahty. 

Some other collections contain this species, 
as foUows: 

U. S. G. S. locality 4896. North of Wolf Creek 
canyon, Big Horn Mountains, Wyo. (Col- 
lected by T. E. WilUard.) Accompanied by 
Holcolepis and Leucichthyops. 

U. S. G. S. locality 4941. About 2i niiles 
west of Klondike, Wyo. (Collected by T. E. 
WilUard.) With Holcolepis. The Eryihrino- 
lepis scale figured is 7 millimeters in diameter. 

These locaUties are all in the Mowry shale. 

Erythrinolepis chicoeiiaia Cockerell» n. gp. 

Plate XXXVI, figures 1, 2. 

Very similar to E, mowriensis but nearly cir- 
cular, a Uttle broader than long, not subtrian- 
gular. The type is 11 millimeten in diameter; 
another is 10 millimeters. This is a larger 
species than E. mowriensis. 
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IT. S. G. S. locality 7030. Cretaceous, Chico 
group, south side of Ortigalito Creek, Cal., in 
Moreno formation. (Collected by Robert An- 
derson.) For additional particulars see de- 
scription of Pomolohus chicoensis (p. 180). 

Family CTXNOTHBISSIDAJE. 

The remarkable genus Ctenothrissa, from the 
Cretaceous of England and Syria, has the pelvic 
fins enlarged and far forward, and the type 
species was originally described by Pictet as a 
Beryx. Woodward pointed out the numerous 
differences from the berycoids and placed the 
fishes in a distinct family among the Isospon- 
dyli. It must be stated, however, that the 
scales of 0. radians (Agassiz), which I am able 
to figure (PI. XXXVII, fig. 1) through the kind- 
ness of Dr. Woodward, are extraordinarily like 
those of the berycoid Hoplopteryx (PI. 
XXXVII, fig. 2), though the latter have coarser 
circuli. The scales also resemble those of Myri- 
prisHs (Holocentridae), a Uvmg berycoid. The 
lateral circuh are vertical, not transverse, as in 
the clupeoids. It seems probable, therefore, 
that Ctenothrissa represents a real advance in 
the direction of the Percomorphi and should 
stand as the type of a superfamily Ctenothris- 
soidea, of equal rank with the Clupeoidea 
(Qupeoidei) and Salmonoidea (Salmonoidei). 
I examined the scales of C. radians (Agassiz) 
^and C. microcepJuda (Agassiz) in the British 
Museum a number of years ago. The latter are 
remarkable for their width and are exceUently 
figured by Woodward in his work on the fishes 
of the English chalk, Plate XVIII, figure 9. 
Figure 8 of the same plate, based on a scale from 
Beigate, Surrey, is evidently quite distinct. It 
is extremely broad, with about 12 basal radii 
arranged fanwise, and the apical margin bears 
long spinelike teeth. Except for the shape, 
this resembles the scales of the Gonorhynchi- 
dae.^ It may be designated Gcynarhynchops 
(n. gen.) woodwardi n. sp., and may be sepa- 
rated from the gonorhynchid CTiariiosomus by 
the shape of the scales. The latter genus, with 
elongate scales, is known from the Cretaceous 
of Westphalia and Syria. Aulolepis Agassiz, 
the other genus ascribed to the Ctenothrissi- 
dae, has totally different cycloid scales. It 
occurs in the Turonian of Sussex, Kent, and 
Surrey. The scales resemble in a general way 

1 ComDare Am. lius. Nat. Hist. Bull., vol. 3, pi. 4, fig. 4, 1890. 
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those of the living berycoid Plectromus lugvbris 
(Gilbert), from Bering Sea, but the latter lack 
the strong concentric lines on the exposed por- 
tion. The large lateral line canal or ridge is 
also suggestive of the berycoids. ' 

Order INIOMI. 
Family SKCHODONTIDAJE. 

Stewart recognizes a separate family, Stra- 
todontidae, for Stratodus and Cimolichihys. 

Gtenns HALECODON CockereU, n. gen. 

A genus of Enchodontidae related to Halec 
Agassiz is represented by the palatine and 
ectopterygoid, the suture being between the 
tenth and eleventh tooth from end in type. 
The palatine resembles that of Haleo but is 
more slender, with the teeth, except the two 
apical ones, smaller. There are no long teeth 
like those of Enchodus. The ectopterygoid, 
compared with that of HaleCf is much more 
elongated basally and bears on its apical half 
a great number of small teeth. The superior 
angle is above the basal end of the tooth row. 
Type H. denticulatus. 

HaleeodoB dentlciilatiiB Cockerdl, n. sp. 

Plate XXXVI, figure 7. 

Length of the combined bones about 54 
millimeters, the palatine slender and pointed 
at end. TeetH at end of palatine about 1.7 
millimeters long, sharply pointed; teeth on 
ectopterygoid about 1 millimeter long. 

U. S. G. S. locality 3870. Cretaceous, Aspen 
shale, near Spring Valley, Wyo., in the SW. i 
SW. i sec. 24, T. 15 N., R. 118 W. (Collected 
by A. R. Schultz.) With it are various scales, 
including poorly preserved Holcolepis, prob- 
ably transversus. 

Hdlecodon is doubtless without scales but 
probably with some dermal scutes. A. S. 
Woodward' says of Halec: "A regular squa- 
mation of very small scales, the exposed area . 
of each quadrangular .in shape; no enlarged 
scutes." In a later work, however,' he states 
that no traces of scales have been observed in 
the species described, but enlarged dermal 
scutes occur on the tail. AH reference to 
scales is omitted from the generic diagnosis, 
and thus Ilalec in this respect agrees with the 

• Catalogue of fossil fishes In the British Museum, pt. 4, p. 212, 1901. 

* The fossil fishes of the English chalk, p. 55, 1902. 
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other Enchodontidae. No doubt Halecodan 
has similar features. 

Oenus dMOUCHTHYS Leidy. 

The American forms from the Niobrara of 
Kansas/ described under five names by Cope, 
are now considered to represent a single 
species, 0. nepoMica (Cope). A specimen 
(Colorado Univ. Mus. 5388) collected by Prof. 
Mead in the Benton (Cretaceous) west of 
Laramie, Wyo., represents the top of the head 
and agrees excellently with this genus. The 
skull was a trifle smaller and somewhat nar- 
rower than that of (7. lewesiensis Leidy, and 
also narrower than the American C. nepaholica. 
No doubt a distinct species is indicated, but 
more material is desirable. It is not certain 
that Sttatodus can be distinguished from 
Cirnolichihys by the parts here preserved. 

Genns SK CHODUS Agassiz. 

Enchodofl sp. 

Plate XXXVI, figure 9. 

The operculum of a species of Enchodus was 
discovered in the Colorado shale of the Milk 
River coal field, Mont. U. S. G. S. locality 
6187, in sec. 3, T. 29 N., R. 19 E., in black shale 
south of Miller's No. 1 ranch. (Collected by L. 
J. Pepperberg.) Numerous species are known 
from the Niobrara of Kansas. 

^ Family TOMOQNATHIDAS. 

The only known representative of the To- 
mognathidae, Tamognathus nuyrdax Dixon, is 
founded on fragments from the chalk of Kent, 
Sussex, ana Surrey. It is said to suggest 
affinity with the deep-sea Stomiatidae. No 
scales are mentioned in the description, and 
there presumably were none, as in the living 
forms supposed to be related. 

FamUy MYCTOPHIDAJE. 

The family Myctophidae has been made a 
depositary for miscellaneous more or less ob- 
scure genera. Ickthyotringa Cope, from the 
Niobrara of South Dakota, has been referred 
to RhineUiLS Agassiz, a genus of the Westpha- 
lian and Syrian Cretaceous. Hay considers 
the genus to belong to the Dercetidae (Hete- 
romi), but it has been regarded as the type of a 
distinct family, Rhinellidae, though Ih. D. S. 
Jordan (in letter) doubts the validity of this 
course. Four species of Sardinius or Leptoso- 



mus, small fishes with (at least in two of them) 
cycloid scales, are described from the Niobrara 
of South Dakota. I can add nothing to Hay's 
account. Osmeroides iUustrans (Woodward), 
described under Sardimoides, from the chalk 
of Kent, shows affinity with the Aulopidae. 

FamUy NOTACANTHIDAJE. 

Pronotacanthus Woodward, is from the Cre- 
taceous of Mount Lebanon, Syria. No scales 
can be distinguished. The modem represent- 
atives of the family are described as having 
very small cycloid scales. 

Older APODES. 
Family ANGTTILLAVIDAX. 

AnguUlavus Hay, from the Cretaceous of 
Moimt Lebanon, retains the pelvic fins. The 
scales are said to be rudimentary or absent. 

Family USSNCHBLTIDAJE. 

Urenchdys Woodward, from the Cretaceous 
of Mount Lebanon, differs from Tertiary and 
living eels by having a distinct caudal fin. 
The scales are described as ''rudimentary." 
A species provisionally referred to the same 
genus occurs in the Turonian of Sussex and 
Kent. 

FamUy XNCHXUIDAS. 

Enchelion Hay, from Mount Lebanon, has 
no scales. 

Order HXTXBOMI. 

Family HALOSAUBIDAJE. 

Oenna SCHZDNOCXPHALUS Von der Marek. 

Echidnocephalus? americanus Cockerell, n. sp. 

Plate XXXVI, figure 10. 

Scale subquadrate, longer than broad, 3 
millimeters wide; nucleus subapical; apical 
margin not ctenoid but ragged and free from 
circuli (exactiy as in Uving Haiosaurus) ; circuK 
very distinct, the lateral ones parallel with 
margin ; nine basal radii, very distinct, arranged 
fan wise; lower margin deeply crenate. 

U. S. G. S. locality 6138. Brackish-water 
beds of Mesaverde formation, about 26 miles 
northeast of Rock Springs, Wyo., in sec. 15, 
T. 21 N., R. 103 W. (Collected by V. H. 
Bamett.) The character of the fish suggests 
marine conditions. The scale agrees excel- 
lently with the modem Halosauridae, such as 
Haiosaurus and AJdrovandia, differing only in 
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the more ordinary rounded nuclear area, which 
is elongated in the living fishes. 

EchidTioeephcLluSj from the Upper Cretaceous 
of WestphaUa, is said to be essentially identical 
with HaJosaurus, so I refer the scale provision- 
ally to that genus. 

EchidnocephaliiB? iiadflcus CockereD, n. sp. 

Plate XXXVI, figure 11. 

Scale 6 millimeters wide, cycloid, subquad- 
Tate, roimded apically; sides rather convex; 
laterobasal comers very obtuse, not saUent; 
nucleus just below the apex; six basal radii, 
rather widely spaced, arranged fanwise; basal 
margin shallowly crenate. This is more like 
HalosauruSy whereas E.t americanv^ is Uke 
Aldrovandia, the very apical nucleus and ab- 
sence of deep basal crenation being Ilalosaurus 
characters. 

The extremely apical nucleus also occurs in 
Baihysaurus agdssizi, which, however, has sub- 
circular scales without a trace of radii. 

U. S. G. S. locality 7027. Cretaceous, Chico 
group, foothills between Little Panoche and 
Ortigalito creeks, Cal., in first canyon south of 
Laguna Seca Creek, in Umy layer between lower 
gray sandstone and fossiliferous grit bed in 
upper part of Moreno formation. (Collected 
by Robert Anderson.) 

Family DXBCXTIDAS. 

A. S. Woodward says of the Dercetidae: 
'' Ordinary scales small or wanting, but two or 
more continuous paired series of enlarged 
scutes along flanks ; no median dorsal or ventral 
scutes." The scales are more or less triangu- 
lar, the outline resembling that of shark teeth 
(Isurus). The type of Dercetis is D. sciUaltLS 
Agassiz, from the Cretaceous of Westphalia. 
According to Woodward these fishes are appar- 
ently allied to the Halosauridae andNotacan- 
thidae. If so , they should be placed in the order 
Heteromi. Leptotrachelus Icmgipinnis Cope, 
referred to the Dercetidae, occurs in the Nio- 
brara of South Dakota. Triaenaspis virguUUus 
Cope, also from the Niobrara of South Dakota, 
is referred by Woodward to Leptotrachelus, but 
Hay states that the genus TriaeTUispia is valid. 
LeptoiTdckdus also occurs in the Upper Cre- 
taceous of England, Westphalia, and Syria, 
fioulenger refers the Dercetidae to the Heteromi. 



Order HAPLOMI. 
Family CBOSSOGNATHIDAJE. 

Cro88ognathtL8 Pictet, from the Neocomian of 
Switzerland and Hanover, is said to have the 
scales large, very deeply overlapping, smooth, 
and not serrated or crenulated on posterior 
margin; a simple tube pierces the lateral line 
scales. SyUaemus Cope was formerly referred 
to this family, but Woodw:ard now considers it 
a primitive clupeoid. It has not the trans- 
verse circuli of Uie scales of Qupeidae. 

Apsopdix and Pelecorapis of Cope have been 
listed under Crossognathidae; Hay placed the 
first doubtfully in Albulidae, the second in 
Mugillidae. 

Apsopdix sauriformis Cope came from Bun- 
ker Hill station on the Union Pacific Railroad 
of Kansas. Mr. T. W. Stanton te^is me that 
this is certainly in the Benton. Cope says that 
the scales are "large and cycloid. They do not 
present a trace of radii but are marked with 
fine and close concentric grooves [circuli]; these 
assume a vertical direction on the exposed sur- 
face, and are there more irregular, the more mar- 
ginal ones terminating above and below. But 
few (i. e., the central) grooves are truly 
circular." 

Older STNXirrOONATHI. 
Family HKMTK AMPHID AE . 

Genus KKMTTiAMPEONITES Steinla. 

The generic name HemUampronites was pub- 
lished by Geinitz from Steinla's manuscript for 
certain scales found in the Turonian of Saxony. 
The species was called H. steirdai Geinitz. As 
a matter of fact the scales agree well enough 
with Hypcrhamplius and would be referred to 
that genus without question were they not 
from the Cretaceous. 

Hemflamiiroiiltes hesperins Cocka*en, n. sp. 
Plate XXXVI, figure 13. 

Scale 12 mUlimeters in diameter, broader 
than long, cycloid, without radii (Hyparham^ 
pTius has a few); circuli of apical field ex- 
tremely fine and regular, extending across 
scale; the other circuli much coarser and 
widely spaced at sides, where they pass trans- 
versely and more or less obliquely (especially 
above) to the margin, the upper nearly at right 
angles with the fine circuli of the apical field. 
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Differs from H, steinlai by the absence of basal 
radii and the oblique upper lateral circuU. 

U. S. G. S. locality 9 1 90. Cretaceous, Fox Hills 
sandstone, Greeley quadrangle, Colo., in second 
large ravine 2\ miles south of Milhken and 
half a mile west of railroad track near Wild- 
cat Mound, in sec. 23, T. 4 N., R. 67 W. (Col- 
lected by T. E. WilUard.) 

A related fish {Hemiram'phus edwardsi Bas- 
sani) has been found in the upper Eocene near 
Verona. Segan suggests that Cohitopsis from the 
lower Oligocene of Prance, referred by Wood- 
ward to the Ammodytidae, may belong to the 
same group as the fishes now discussed, in the 
immediate vicinity of Chriodorus, if indeed dis- 
tinct from that genus. No scales were found 
on the fossil Cohitopsis. Ammodytid scales ^ are 
very unlike those of the Hemiramphidae. 

Order PXBCOMOBPHI. 

Suborder BEBTCOIDXI. 

Family PLATTCOBMIDAJE Jordan (in letter). 

Pldtycormus Von der Marck, from the Cre- 
taceous of Westphalia, is described by Wood- 
ward as having the scales ctenoid, of moderate 
size, more or less ornamented with granula^ 
tions, and extending over the opercular appara- 
tus, head, and base of median fins. There are 
no enlarged or thickened scales. This genus, 
along with Omosoma Costa, from Mount Le- 
banon, and Berycopsis Dixon, has been pro- 
visionally regarded as belonging to the Stroma^ 
teidae. It is also to be noted that the Cretar 
ceous scales figured by Geinitz in the work 
already cited (especially his fig. 3; fig. 4 may 
be latinucleate) as Aspidolepis stdrdai agree 
with those of the Stromateidae (Poronotus). 

FamUy BXBTCOPSIDAX Jordan (in letter). 

Berycopsis Dixon is represented* by three 
species in the English chalk. At the British 
Museum I examined the large broad scales of 
B. major Woodward, from the Middle Chalk of 
Cuxton, Kent. They are about 25 millimeters 
broad, with fine* grooving toward the apex; 
they are not strictly ctenoid. These scales are 
extremely like those of HopLopteryx lewesi- 
ensia. Berycopsis elegans Dixon, the type of 
the genus, has much smaller scales, and it 
seemed to me hardly possible that it could be 
congeneric with B, major. Woodward states, 

1 See Oil], Theodore, U. S. Nat. Mus. Proc, vol. 28, p. 102, 1904. 



however, that the structural characters of the 
two are about the same. B. pulcheUus (Dixon) 
is allied to B, major. 

Family HOPLOPTEBTQIDAS CockereU, n. lam. 

Based on Hophpteryx Agassiz. KesembUng 
the Trachichthyidae, but anal spines four, as in 
Berycidae; scales as in Holocentridae. Dorsal 
fin without the notch or division of the 
Holocentridae, and its spines much fewer (six). 
Anal fin very much shorter than in Beryx, but 
dorsal longer. Although the scales of Hop- 
hpteryx resemble those of Berycopsis, the fish 
ia very different in a number of characters and 
can not be very closely related. Both anal and 
dorsal fins of Berycopsis are extremely long. 
Beryx inscidptus Cope, from the Cretaceous of 
New Jersey, is very imperfectly known, but 
the scales agree with Hophpteryx and not with 
Beryx. It may be provisionally called Hop- 
hpteryx t insculptus. 

The berycoid fishes were certainly well 
developed in Oetaceous time, and to-day wo 
seem to have only remnants of a once more 
numerous group. The modem families, for 
scales of which I am indebted to Dr. D. S. 
Jordan, the United States National Musexmiy 
the United States Bureau of Fisheries, and the 
Museum of Comparative Zoology, have the 
following scale characters: 

Polymixiidae: Polymixia japonica Stein- 
dachner has very broad scales, with strongly 
crenulated lower margin, and the apical margin 
strongly, irregularly dentate. It difiPers from 
the Holocentridae at once in the broad fanlike 
basal undulations rather than distinct radii, 
though it is approached in this by OsticMhys. 
It differs from Ostichthys by the much smaller, 
irregular teeth, and radically in the widely 
spaced circuh, the lateral ones oblique and 
entering the margin. In Ostichthys the circuli 
are excessively fine (though the scale is much 
larger), and the lateral ones are vertical. I 
know of no Cretaceous scale like that of Poly- 
mixia, 

Holocentridae: The holocentrid scale seems 
to be the ancient one of the group, to judge 
from the fossils, though the fins of the modem 
family are much modified. The very strong, 
widely spaced apical keels terminating in 
teeth, so well shown in the scale figured by 
Geinitz and quite wrongly atrtibuted to Mac- 
ropoma maaUelli, appear (even more widely^ 
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spaced) in the living OsticlUhys pUtwaai, from 
the Hawaiian Islands (PL XXXVI, fig. 8). 
MyriprisHs scales differ from those of Osticlir 
tkys by the much closer teeth, about three to 
one. Flammeo scales are not nearly as broad 
as those of the genera just mentioned, and the 
basal margin has a distinct median promi- 
nence, sometimes broken up into several little 
ones in F. scythrops. Holocentrus scales are 
broad, usually with several radii close to- 
gether in the middle of the base.^ The apical 
teeth are like those of a coarse xK)mb, not 
keeled as in Ostxckthya and the Geinitz scale. 

Berycidae: Scales of Beryx aplendens Lowe 
are cycloid, with the broad hyaline marginal 
area beset with small tubercles or spines. In 
other species, as B. lineaius, the marginal area 
is beset with long spines, the most apical pro- 
jecting beyond the margin. Basal radii are 
feeble or absent. The structure of the apical 
field is thus different in the Berycidae from 
that of the Holocentridae. In the former 
there are spines scattered over a surface, in the 
latter strong ridges or apical teeth. The true 
berycid type apparently does not appear 
among the Oetaceous fossils. 

Trachichthyidae: Tra^Mchthys australis has 
the broad and very dense scales constructed 
after the type of the Berycidae, the apical 
field being densely spinose. Dr. Jordan kindly 
sends me scales of two other genera, which he 
formerly placed with the Berycidae but has 
more recently referred to the Trachichthyidae. 
They are utterly diverse from each other and 
from the other berycoids here discussed. 
Plectromus lugvhris (Gilbert), from the vicinity 
of Bogoslof Island, Bering Sea, has subquad- 
rate cycloid scales, with widely spaced circuh, 
and three or four basal radii arranged fan- 
wise. CavloUpis longidenSf from deep water 
off Hawaii, has very small roundish scales, with 
four or five very widely spaced spineUke mar- 
ginal projections. 

Monocentridae: Monocentris japonicus has 
the scales with a high central keel or crest, but 
otherwise it ia of the Tra^ikicMhys type, with 
spinose apical field. 

We must evidently consider that the modem 
berycoids are variously specialized descendants 
of the Cretaceous forms, none of them retain- 
ing the same combinations of characters. The 

t 8m U. S. Bur. Fisbflrta BolL for 1912, pi. 36, fl«. 26. 



precise arrangement of the Cretaceous* genera 
for the present remains uncertain. Woodward 
figures the scales of the English Cretaceous 
Homonotua Dixon and Tra^hichthyoides Wood- 
ward. Both have scales of the holocentrid 
type, not of the berycid-trachichthyid type. 
The opercular apparatus of Truchichihyoides 
readily separates it from Hoplopteryx. Some 
of the genera, as Dinopteryx Woodward, from 
Mount Lebanon, have cycloid scales. 

The total absence of berycoids from the in* 
tenor region of the United States has seemed 
remarkable. The Cretaceous scales from the 
Rocky Mountain region that I have examined 
do not include any undoubted berycoids, 
though a few poorly preserved specimens, 
which I have not ventured to describe, might 
conceivably be aberrant berycoids. Cope's 
genus Pdecorapia is of uncertain affinities. 
The scales of P. berycinus Cope, as figured by 
him, closely resemble those of Hoplopteryxt in^ 
scidptus (Cope). The type of the genus is, 
however, P. variua Cope, found in Kansas, 
almost certainly in the Benton. It is said to 
have abdominal ventral fins, and to be related 
in a general way to the Scombresocidae, Ather- 
inidae, etc. It can not well belong to the 
berycoids, nor does Cope's account of the 
scales suggest such a reference. The second, 
species, P. herycinus, \a of very doubtful 
generic position. It is equally uncertain as to 
locality and age, and may very well not be 
from Montana, as Mr. Stanton informs me. 
We are thus still left without berycoids in the 
Cretaceous mediterranean sea of America. 

Order ACANTHOPTEBI. 

It is possible that the Stromateidae existed in 
Cretaceous time. The scale of Aspidolepis 
steinlai Geinitz, from the Turonian of Saxony, 
certainly resembles that of the living Paronotus. 
It is cycloid, with the lateral circuli more or 
less angled. Omosoma Costa, from Mount 
Lebanon, has been provisionally referred here. 
Woodward describes the scales as small, 
smooth, and cycloid, apparently longer than 
deep, extending over the opercular apparatus, 
head, and base of anal and dorsal fins. Wood- 
ward ' remarks that the Cretaceous fishes 
which he provisionally assigned to the Stro- 
mateidae are primitive scombroids of uncertain 

* The fossil fishes of the English chalk, p. 5, 1902. 
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affinities. It must be said that the stromateid 
scale of to-day is very similar to that of the 
scombroids, and it is^tlxiis easy to suppose that 
the Cretaceous fishes were rather of the latter 
than the former group. 

Carangidae are recorded from the Cretaceous 
of Europe and Syria^ the principal genus being 
Aipichtkys Steindachner, with small, thin, 
cycloid scales and a series of ventral ridge 
scales on the short abdominal region before 
the dorsal fin. Bathyaoma lutkeni Davis, from 
the Danian of Scandinavia, said by Wood- 
ward* to be *'very curiously specialized." 

Prelates Priem, with ** scales small and very 
finely serrated," is from the Upper Cretaceous 
of France and has been referred to the Perci- 
dae. So far as I know, the tjrpical percoid 
scale does not appear in the Cretaceous, but 
is first found near the base of the Tertiary, in 
a fresh-water deposit, as described below. 

FamUy CXNTBABCHIDAE. 
Qenus CSKTRABCRITBS CockereU, n. sen. 

Fresh-water fishes with scales agreeing with 
Centrarchidae or Micropteridae but not defi- 

1 The (ossU fishes of the Eogliah cfaalk, p. 253, 1912. 



nitely assignable to a known genus. Type 
C. cohradensis, 

Centrarchites coloradeiiflis CockereD, n. sp. 

Plate XXXVI, figure 12. 

Scale subquadrate, transverse diameter 9 
millimeters; apical margin not distinctly den- 
tate, but apical field with a broadly triangular 
ctenoid patch, as in iJie young of Ambloplites; 
nucleus far apical of middle, just below lower 
end of ctehoid patch, the surroimding circuli 
transversely oval (more so than in modem 
genus); basal radii occupying about middle 
third (transversely) of scale, about nine, close 
together, with very fine transverse circuli be- 
tween; lateral circuli parallel with margin. 

U.'S. G. S. locality 7087. Eocene, Coal- 
mont formation, about 1 mile southwest of 
Walden, Colo. (Collected by A. L. Beekly.) 
This is Beekly's locality 1.' With it is a frag- 
ment of a Vivipams and a fragment of a Lau- 
nt^-like leaf. There is also another species of 
fish scale, nearly circular, with very fine cir- 
culi, possibly salmonoid. 

« U. 8. OeoL Surrey BuU. 606, p. 63, 1016. 
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FiGURB 1. Petalolepisf fibrHlatus Cockerell (p. 172). Type, X 6. U. S. G. S. locality 5094. U. S. N. M. catalogue 
No. 8662. 
2. Cydoidesfincertus Cockerell {p,l7Z). Type, X 3. U.S.G. S.localit>'5177. U.S.N.M. catalogue No. 8663. 
3, 4. Holcolepis pidchellua Cockerell (p. 174): 

3. Type, X 8. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8664. 

4. Another specimen, X 6. U. S. G. S. locality 7108. U. S. N. M. catalogue No. 8666. 

5. Holeolejna delicatus Cockerell (p. 175). Type, X 4. U. S. G. S. locality 8916. U. S. N. M. catalogue No. 
8666. 
6-13. Holcolepis transveratu Cockerell (p. 175): 

6. Type, X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8667. 

7. X 3. U. S. G. S. locality 6681. U. S. N. M. catalogue No. 8668. 

8. X 3. U. S. G. S. locality 6713. U. S. N. M. catalogue No. 8669. 

9. X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8670. 

10. X 4. U. S. G. S. locality 6713. U. S. N. M. catalogue No. 8671. 

11. X 4. U. S. G. S. locality 3417. U. S. N. M. catalogue No. 8672. 

12. X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8673. 

13. X 3. U. S. G. S. locality 4421. U. S. N. M. catalogue No. 8674. 
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FiQURB 1. ChicolepU punetatua Cockerell (p. 177). Type, X 3. U. S. G. S. locality 7030. V. S. N. M. catalogue No. 
8682. 

2. Hypsodon lowii (Stewart) Cockerell (p. 178). Scale, X 2. U. S. G. S. locality 7294. U. S. N. M. catalogue 

No. 8683. 

3. IdUhyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 2402. U. S. N. M. catalogue No. 

8684. 

4. Ichtkyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 7277. U. S. N. M. catalogue No. 8685. 

5. Pomolobusf diicoemU Cockerell (p. 180). Type, X 10. U. S. G. S. locality 7030. U. S. N. M. catalogue 

No. 8686. 
6-12. Cretaceous fish scales from Turkestan (p. 179). Copied from G. D. Romanowsky, Materialui dlya geologii 
Turkestanskago kraya, pts. 2, 3, 1884, 1890. 
6-8. Hypsodon sp. Figured as Cladocyclus strehlensis Geinitz. Op. cit., pt. 3, pi. 17, figs. 6a-c. 
9. Hypsodonf sp. Figured as Osmeroides lewesiensia (variety). Idem, pt. 2, pi. 23, fig. 4a. 

10. Ichlhyodectei sp. Figured as CladocycliLS strehlensis. Idem, pt. 2, pi. 23, fig. 4b. 

11. Ichihyodectesf pectinolepis. Figured as Omuroides pectinolepis Romanowsky. Idem, pt. 3, pi. 17, 

fig. 5. 

12. Undetermined scale. Figured as Beryx sp. Idem, pt. 3, pi. 17, fig. 4. 

13. Fragment of Mowry shale, X 2, showing scales of Erythrinolepis motmerms, Leudchthyopi vagans^ and 
HolcoUpis transversus (pp. 182, 180, 175). U. S. G. S. locality 4896, north of Wolf Creek canyon, Big 
Horn Mountains, Wyo. U. S. N. M. catalogue No. 8687. 
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PLATE XXXV. 

Figures 1-15. Leuciditkyops vagans Cockerell (p. 180): 

1. Type, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8688. 
2, 3. Two ecalee, X 3. Carbon County, Wyo. U. S. N. M. catalogue Nob. 8689, 8690. 

4. Scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8691. 

5. Scale, X 3. U. S. G. S. locality 3880. U. S. N. M. catalogue No. 8692. 

6. Scale, X 3. U. S. G. S. locality '7275. U. S. N. M. catalogue No. 8693. 

7. Narrow scale, X 3. U. S. G. S. locality 6681. U. S. N. M. catalogue No. 8694. 

8. Scale, X 4. U. S. G. S. locality 8916. U. S. N. M. catalogue No. 8695. 

9. Narrow scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8696. 

10. Lateral line scale, X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8697. 

11. Lateral line scale, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8698. 

12. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8699. 

13. Lateral line scale, X 4. U. S. G. S. locality 7100. U. S. N. M. catalogue No. 8700. 

14. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8701. 

15. Latinucleate scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8702. 

16. Cyclolepia atenodinus Cockerell (p. 181). Type, X 4. U. 8. G. S. locality 9190. U. S. N. M. cata- 
logue No. 8703. 
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Figures 1, 2. Hypsodon audax (Leidy) (p. 177): 

1. Specimen showing several scales and parts of skeleton. University of Kansas collection. 

2. Part of same specimen, more enlaiged. 
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PLATE XXXIV. 

Figure 1. ChicolepU punetatus Cockerell (p. 177). Type, X 3. U. S. G. S. locality 7030. U. S. N. M. catalogue No. 
8682. 

2. Hypsodon lovrii (Stewart) Cockerell (p. 178). Scale, X 2. U. S. G. S. locality 7294. U. S. N. M. catalogue 

No. 8683. 

3. IdUhyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 2402. U. S. N. M. catalogue No. 

8684. 

4. IdUhyodecte8 sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 7277. U. S. N. M. catalogue No. 8685. 

5. Pomolobusf chicoensia Cockerell (p. 180). Type, X 10. U. S. G. S. locality 7030. U. S. N. M. catalogue 

No. 8686. 
6-12. Cretaceous fish scales from Turkestan (p. 179). Copied from G. D. Romanowsky, Materialui dlya geologii 
Turkestanskago kraya, pts. 2, 3, 1884, 1890. 
6-8. Hypsodon sp. Figured as CUtdocydus strehlensis Geinitz. Op. cit., pt. 3, pi. 17, figs. 6ar-c. 
9. Hypaodonf sp. Figured as Oameroides leweaiensis (variety). Idem, pt. 2, pi. 23, fig. 4a. 

10. Ichthyodedes sp. Figured as Cladocyclus strehlensis. Idem, pt. 2, pi. 23, fig. 4b. 

11. IdUhyodedesf pectinolepis. Figured as OtmertAdes pectinolepis Romanowsky. Idem, pt. 3, pi. 17, 

fig. 5. 

12. Undetermined scale. Figured as Beryx sp. Idem, pt. 3, pi. 17, fig. 4. 

13. Fragment of Mowry shale, X 2, showing scales of ErythrinoUpis moiDriensis, Letudchthyops vagans, and 
Holcolepis transversus (pp. 182, 180, 175). U. S. G. S. locality 4896, north of Wolf Creek canyon. Big 
Horn Mountains, Wyo. U. S. N. M. catalogue No. 8687. 

196 



V. S. GBOLOGICAL SURVEY PROFESSIONAL PAPER UO PLATE XXXIV 



CRETACEOUS FISH SCALES 



PLATE XXXV. 



197 



PLATE XXXV. 

Figures 1-15. Leueuhthyops vagans Cockerell (p. 180) : 

1. Type, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8688. 
2, 3. Two scales, X 3. Carbon County, Wyo. U. S. N. M. catalogue Nos. 8689, 8690. 

4. Scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8691. 

5. Scale, X 3. U. S. G. S. locality 3880. U. S. N. M. catalogue No. 8692. 

6. Scale, X 3. U. S. G. S. locality-7275. U. S. N. M. catalogue No. 8693. 

7. Narrow scale, X 3. U. S. G. S. locality 6681. U. S. N. M. catalogue No. 8694. 

8. Scale, X 4. U. S. G. S. locality 8916. U. S. N. M. catalogue No. 8695. 

9. Narrow scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8696. 

10. Lateral line scale, X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8697. 

11. Lateral line scale, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8698. 

12. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8699. 

13. Lateral line scale, X 4. U. S. G. S. locality 7100. U. S. N. M. catalogue No. 8700. 

14. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8701. 

15. Latinucleate scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8702. 

16. Cyclolepia stenodiniu Cockerell (p. 181). Type, X 4. U. S. G. S. locality 9190. U. S. N. M. cata- 
logue No. 8703. 
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Figures 1, 2. Erythrinolepis chicoensis Cockerell (p. 182): 

1. Type, X 4. U. S. G. S. locality 7030. U. S. N. M. catalogue No. 8704. 

2. Smaller scale, X 4. U. S. G. S. locality 7030. U. S. N. M. catalogue No. 8705. 
3-6. Erythnnolepis mownensis Cockerell (p. 182): 

3. Type, X 4. U. S. G. S. locality 6713. 

4. Scale, X 4. U. S. G. S. locality 6713. 

5. Scale, X 4. U. S. G. S. locality 6713. 3-^, U. S. N. M. catalogue No. 8706. 
^ 6. Scale, X 4. U. S. G. S. locality 4941. U. S. N. M. catalogue No. 8707. 

7. Halecodon derUiadatia Cockerell (p. 183). Type. Palatine and ectopterygoid, X 1-5. U. S. G. S. locality 

3870. U. S. N. M. catalogue No. 8708. 

8. Ostichthys pillwaxi (p. 187). Apical region of scale, X 1.85. Honolulu market. 

9. Enchodus sp. (p. 184). Operculum, X 2. U. S. G. S. locality 6187. U. S. N. M. catalogue No. 8709. 

10. Echidnocephalusf aniencanus Cockerell (p. 184). Type, X 8. U. S. G. S. locality 5138. U. S. N. M. 

catalogue No. 8710. 

11. Echidnocephalusf padjicus Cockerell (p. 185). Type, X 4. U. S. G. S. locality 7027. U. S. N. M. cata- 

logue No. 8711. 

12. CerUrarchites coloradensia Cockerell (p. 188). Type, X 4. Eocene. U. S. G. S. locality 7087. 

U. S. N. M. catalogue No. 8712. 

13. HemUamprcnites hesperius Cockerell (p. 185). Type, X 6. U. S. G. S. locality 9190. U. S. N. M. 

catalogue No. 8713. 

14. Latinucleate (regenerated) scale of undescribed species, with margqinal teeth resembling those of the 

berycoids, X 3. U. S. G. S. locality 4867. Cretaceous, Mowry shale, sec. 1, T. 26 N., R. 88 W., 
near North Rawlins, Wyo. U. S. N. M. catalogue No. 8714. 

15. Scale of undescribed species with marginal teeth suggesting the berycoids, X 10. U. S. G. S. locality 

4426. Cretaceous, Mowry shale, SE. \ sec. 27, T. 33 N., R. 74 W., about 5 miles southwest of Carey- 
hurst, Wyo. U. S. N. M. catalogue No. 8715. 

16. Scale of undescribed species, X 10. U. S. G. S. locality 6603, SE. ^sec. 18, T. 1 S., R. 10 W., Uinta { 

special base line, Utah. Said to be Mowry shale. The collection contains plant remains and may 
be from a fresh-water deposit. U. S. N. M. catalogue No. 8716. 

17. Scale of undescribed species, perhaps clupeid, with fine transverse circuli, X 4. Transverae diameter 

12.5 millimeters. From the same station as figure 16. Presmnably fresh water. U. S. N. M. cata- 



logue No. 8717. 
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FiQURES 1, 2. Hypsodon audax (Leidy) (p. 177): 

1. Specimen showing aevezal scales and parts of skeleton. University of Kansas collection. 

2. Part of same specimen, more enlaiged. 
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PLATE XXXIV. 

FiQURB 1. Chicolepii punctatus Cockerell (p. 177). Type, X 3. U. S. G. S. locality 7030. TJ. S. N. M. catalogue No. 
8682. 

2. Hypsodon lomii (Stewart) Cockerell (p. 178). Scale, X 2. U. S. G. S. locality 7294. U. 8. N. M. catalogue 

No. 8683. 

3. IdiikyodecUs sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 2402. U. S. N. M. catalogue No. 

8684. 

4. Ichthyodeclea sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 7277. U. S. N. M. catalogue No. 8685. 

5. Pamolobu8f chicoenaia Cockerell (p. 180). Type, X 10. U. S. G. S. locality 7030. U. S. N. M. catalogue 

No. 8686. 
6-12. Cretaceous fish scales from Turkestan (p. 179). Copied from G. D. Romanowsky, Materialui dlya geologii 
Turkestanskago kraya, pts. 2, 3, 1884, 1890. 
6-8. Hypsodon sp. Figured as Cladocyclus strehUnns Geinitz. Op. cit., pt. 3, pi. 17, figs. 6a-c. 
9. Hypsodon? sp. Figured as Osmeroides lewesiensis (variety). Idem, pt. 2, pi. 23, fig. 4a. 

10. IchthyodecUs sp. Figured as Cladocydus strehlensis. Idem, pt. 2, pi. 23, fig. 4b. 

11. Ichthyodectesf peetinolepis. Figured as Osmeroides pectinolepis Romanowsky. Idem, pt. 3, pi. 17, 

fig. 5. 

12. Undetermined scale. Figured as Beryx sp. Idem, pt. 3, pi. 17, fig. 4. 

13. Fragment of Mowry shale, X 2, showing scales of Erythrinolepis mowriensiSf Leucichikyops vagans, and 
HolcoUpis transversus (pp. 182, 180, 175). U. S. G. S. locality 4896, north of Wolf Creek canyon, Big 
Horn Mountains, Wyo. U. S. N. M. catalogue No. 8687. 
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PLATE XXXn. 

Figure 1. Holcolepis obliquus Gockerell (p. 175). Type, X 3. U. S. G. S. locality 4421. U. S. N. M. catalogue No. 
8675. 

2. Holcolepiaf mandible, X 2 (p. 175). Carbon County, Wyo. U. S. N. M. catalogue No. 8676. 

3. Pachyrhizodug scale from Cretaceous of England. After Woodward, Geol. Assoc. Proc., vol. 10, pi. 1, fig. 8, 

1888 (p. 174). 

4. Helmintholepis vermiculatus Cockerell (p. 176). Type, X 3. U. S. G. S. locality 9184. U. S. N. M. catalogue 

No. 8877. 

5. Hypsod(mf granulonu Cockerell (p. 178). Type, X 4. U. 8. G. S. locality 4874. U. S. N .M .catalogue No. 

8678. 
6, 7. Hypowdonf radiatulus Cockerell (p. 178):. 

6. Type, X 3. U. S. G. S. locality 5177, U. S. N. M. catalogue No. 8679. 

7. Latinucleate scale, X 3. U. S. G. S. locality 6174. U. S. N. M. catalogue No. 8680. 

8. Hypaodan audax (Leidy). Scale, X 2 (p. 177). U. S. G. S. locality 8354. U. S. N. M. catalogue No. 8681. 
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Figures 1, 2. Hypsodon audax (Leidy) (p. 177): 

1. Specimen showing several scales and parts of skeleton. University of Kansas collection. 

2. Part of same specimen, more enlaiged. 

194 



U. 5, GBOLOGICAL SURVEY PROFESSIONAL PAPER 110 PLATE XXXIII 



CRETACEOUS FISH SCALES 



PLATE XXXIV. 



195 



PLATE XXXIV. 

PioURK 1. CMcoUpis punetatus Cockerell (p. 177). Type, X 3. U. S. G. S. locality 7030. TJ. 8. N. M. catalog:ue No. 
8682. 

2. Jlypsodon lomii (Stewart) Cockorell (p. 178). Scale, X 2. U. S. G. S. locality 7294. U. S. N. M. catalogue 

No. 8683. 

3. Ichthyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 2402. U. S. N. M. catalogue No. 

8684. 

4. Ichthyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 7277. U. S. N. M. catalogue No. 8685. 
6. Pomolobuaf chicoeneia Cockerell (p. 180). Type, X 10. U. S. G. S. locality 7030. U. S. N. M. catalogue 

No. 8686. 
6-12. Cretaceous fish scales from Turkestan (p. 179). Copied from G. D. Romanowsky, Materialui dlya geologii 
Turkestanskago kraya, pts. 2, 3, 1884, 1890. 
6-8. IIyp9odon sp. Figured as Chdoeyclus atrehlensis Geinitz. Op. cit., pt. 3, pi. 17, figs. 6a-c. 
9. Hypaodonf sp. Figured as Osmeroides lewesiensia (variety). Idem, pt. 2, pi. 23, fig. 4a. 

10. Ichthyodectes sp. Figured as Cladocyclus strehlensis. Idem, pt. 2, pi. 23, fig. 4b. 

11. Ichthyodectest pectiriolepis. Figured as Osmeroides peetinolepis Romanowsky. Idem, pt. 3, pi. 17, 

fig. 6, 

12. Undetermined scale. Figured as Beryx sp. Idem, pt. 3, pi. 17, fig. 4. 

13. Fragment of Mowry shale, X 2, showing scales of Erythtinolepis motoriensis, Leiunchthyops vagans, and 
liolcolepis transversus (pp. 182, 180, 175). U. S. G. S. locality 4896, north of Wolf Creek canyon, Big 
Horn Mountains, Wyo. U. S. N. M. catalogue No. 8687. 
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.Figures 1-15. Leuctehtkyopa vagans Cockerell (p. 180): 

1. Type, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8688. 
2j 3. Two scales, X 3. Carbon Countyi Wyo. U. S. N. M. catalogue Nos. 8689, 8690. 

4. Scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8691. 

5. Scale, X 3. U. S. G. S. locality 3880. U. S. N. M. catalogue No. 8692. 

6. Scale, X 3. U. S. G. S. locality-7275. U. S. N. M. catalogue No. 8693. 

7. Narrow scale, X 3. U. S. G. S. locality 6681. U. S. N. M. catalogue No. 8694. 

8. Scale, X 4. U. S. G. S. locality 8916. U. S. N. M. catalogue No. 8695. 

9. Narrow scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8696. 

10. Lateral line scale, X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8697. 

11. Lateral line scale, X 4. U. S. G. S. locality 7095. U. S. N. M. catalogue No. 8698. 

12. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8699. 

13. Lateral line scale, X 4. U. S. G. S. locality 7100. U. S. N. M. catalogue No. 8700. 

14. Lateral line scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8701. 

15. Latinucleate scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8702. 

16. CycloUpU stenodinus Cockerell (p. 181). Type, X 4. U. S. G. S. locality 9190. U. S. N. M. cata- 
logue No. 8703. 
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PLATE XXXm. 

Figures 1, 2. Hypsothn awka (Leidy) (p. 177): 

1. Specimen showing several scales and parts of skeleton. Univetsity of Kansas collection. 

2. Part of same specimen, more enlarged. 
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FiQURR 1. CMooUpU punctattu Cockerell (p. 177). Type, X 3. U. S. G. S. locality 7030. V, S. N. M. catalogue No. 
8682. 

2. Hyp9odon lomi (Stewart) Cockerell (p. 178). Scale, X 2. U. S. G. S. locality 7294. U. S. N. M. catalogue 

No. 8683. 

3. IdUhyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 2402. U. S. N, M. catalc^e No. 

8684. 

4. Ichthyodectes sp. (p. 179). Lateral line scale, X 4. U. S. G. S. locality 7277. U. S. N. M. catalogue No. 8685. 
6. Pcrniolobuaf chicoensis Cockerell (p. 180). Type, X 10. U. S. G. S. locality 7030. U. S. N. M. catalc^ue 

No. 8686. 
6-12. Cretaceous fish scales from Turkestan (p. 179). Copied from G. D. Komanowsky, Materialui dlya geologii 
Turkestanskago kraya, pts. 2, 3, 1884, 1890. 
6-8. Hypsodon sp. Figured as Cladocyclus strehlensis Geinitz. Op. cit., pt. 3, pi. 17, figs. 6a-c. 
9. Hypsodonf sp. Figured as Osmeroidea lewesiensis (variety). Idem, pt. 2, pi. 23, fig. 4a. 

10. Ichthyodectes sp. Figured as Cladocyclus strehUnsis. Idem, pt. 2, pi. 23, fig. 4b. 

11. Ichthyodectesf pectinolepis. Figured as Osmeroides pectinolepis Romanowsky. Idem, pt. 3, pi. 17, 

fig. 5. 

12. Undetermined scale. Figured as Beryx sp. Idem, pt. 3, pi. 17, fig. 4. 

13. Fragment of Mowry shale, X 2, showing scales of Erythrinolepis mowriensis, Leucichthyops vagansy and 
Holcolepia transversua (pp. 182, 180, 175). U. S. G. S. locality 4896, north of Wolf Creek canyon, Big 
Horn Mountains, Wyo. U. S. N. M. catalogue No. 8687. 
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PLATE XXXV. 

Figures 1-15. Leudehikyops vagans Cockerell (p. 180): 

1. Type, X 4. U. S. G. S. locaUty 7095. U. S. N. M. catalogue No. 8688. 
2, 3. Two scales, X 3. Carbon County, Wyo. U. S. N. M. catalogue Nos. 8689, 8690. 

4. Scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8691. 

5. Scale, X 3. U. S. G. S. locality 3880. U. S. N. M. catalogue No. 8692. 

6. Scale, X 3. U. S. G. S. locality-7275. U. S. N. M. catalogue No. 8693. 

7. Narrow scale, X 3. U. S. G. S. locality 6681. TJ. S. N. M. catalogue No. 8694. 

8. Scale, X 4. U. S. G. S. locality 8916. U. S. N. M. catalogue No. 8695. 

9. Narrow scale, X 4. U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8696. 
10. Lateral line scale, X 4. U. S. G. S. locality 6682. U. S. N. M. catalogue No. 8697. 

U. S. G. S. locality 7095. U. 8. N. M. catalogue No. 8698. 
U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8699. 
U. S. G. S. locality 7100. U. S. N. M. catalogue No. 8700. 
U. S. G. S. locality 7110. U. S. N. M. catalogue No. 8701. 
15. Latinucleate scale, X 4. Black Hills, S. Dak. U. S. N. M. catalogue No. 8702. 
16. Cyclolepis 8tenodinu8 Cockerell (p. 181). Type, X 4. U. S. G. S. locality 9190. U. S. N. M. cata^ 
logue No. 8703. 
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11. Lateral line scale, X 4. 

12. Lateral line scale, X 4. 

13. Lateral line scale, X 4. 

14. Lateral line scale, X 4. 
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formations known collectively as the Wabaun- 
see group. This group is underlain by the 
Shawnee, Douglas, Lansing, Kansas City, 
Pleasanton, and Henrietta groups, and the 
Cherokee shale, which have themselves been 
subdivided into the formations shown in the 
coliminar section. Although many of these for- 
mations, especially the limestones, are remark- 
ably persistent and may be traced throughout 
most of eastern Kansas, the Pennsylvanian 
series as a whole, together with the lower 
half of the Permian, constitutes a broad litho- 
logic imit. All the upper and middle Penn- 
sylvanian rocks consist of alternating beds of 
shale, limestone, and sandstone. The shale 
is by far the most abundant; the limestone 
beds are generally less than 25 feet thick, and 
the sandstones are commonlv thin and disc-on- 
tinuous. The Cherokee formation differs some- 
what from the remainder of the series in that 
it contains fewer limestone beds and more 
sandstones, which, though inconspicuous as 
stratigraphic imits, are of great economic im- 
portance as oil sands. 

The Mississippian series, which crops out in 
the extreme southeast comer of Kansas, con- 
sists chiefly of crystalline limestone with a 
considerable proportion of hard chert. In 
eastern Kansas the series is not more than 350 
feet thick, and along the granite ridge on jLhe 
west edge of the oil and gas region the Missis- 
sippian is entirely absent. It has not been 
encoimtered by wells drilled west of this belt, 
though it may be present locally in western 
Kansas, as suggested in the stratigraphic sec- 
tion in Plate II. The upper surface of the 
Mississippian in eastern Kansas is very irregu- 
lar, varying in elevation as much as 75 feet in 
a distance of half a mile, but its general in- 
clination is not markedly different from that 
of the overlying Pennsylvanian beds. The 
Mississippian rests unconformably on the older 
Paleozoic formations. 

PRE-CARBONIFEROUS FORMATIONS. 

Beneath the oil-bearing rocks of the Car- 
boniferous system lies a considerable thickness 
of Paleozoic formations which rest directly on 
the granite of the pre-Cambrian basement. 
These older formations do not crop out in 
Kansas but may be studied in the Ozark uplift 
of Missouri and on the Rocky Mountain front. 



On the northern and western flanks of the 
Ozark uplift Silurian and Devonian formations 
are exposed, but as these formations are absent 
in most of the Rocky Moimtain area, they may 
not imderlie much of the Kansas region. The 
chief formations involved in the Ozark uplift 
are of Cambrian and Ordovician age and con- 
sist of 2,000 to 2,500 feet of dolomite and lime- 
stone, with some sandstone and shale. In 
Colorado, however, the equivalent formations 
have a maximum thickness of only about 300 
feet and in many localities they are lacking. 
It is evident, therefore, that the Cambrian and 
Ordovician beds become much thinner toward 
the west, though they doubtless underlie much 
of the Kansas region. As these beds were 
laid down directly on the granite basement 
and were subjected to uplift and erosion before 
the deposition of the Mississippian sediments 
their thickness from place to place presumably 
depends in part on the contour of the granite 
floor. 

The granite and other crystalline rocks 
forming the basement on which the sedimentary 
formations described above were deposited are 
not exposed in Kansas but crop out in east'Cm 
Missouri, in the Rocky Moimtains, in the 
Wichita and Arbuckle uplifts of southern 
Oklahoma, and in the southern parts of Minne- 
sota and South Dakota. It was f onrierly sup- 
posed that the pre-Cambrian rocks imderlie 
the Kansas region only at great depth, but 
drilling within the last few years has revealed 
the presence of granite at comparatively shal- 
low depths in a zone extending through east- 
central Kansas and at somewhat greater 
depths at several isolated localities in the 
eastern part of the State.** The coarse grain 
of the crystalline rocks and the unmetamor- 
phosed character of the sediments immediately 
overlying them indicate beyond question that 
they are a part of the original basement and 
are not recent intrusions. 

The granite lies nearest to the surface in 
northern Kansas, where it is encountered at 
a depth of only about 600 feet, but as far to 
the south as Chase Coxmty it lies in general 
within 2,000 feet of the surface. In that 
locality it appears to drop off sharply, but it is 
reported that granite has recently been encoun- 

*i A comprdiensive description of these crystalline rocks is given by 
R. C. Moore and W. P. Haynes (op. dt., pp. 140-173). 
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tered at a depth of about 4,000 feet in the 
Augusta field, in Butler County. The avail- 
able information regarding this so-called 
granite ridge is summarized in figure 3, which 
shows the wells that have encountered granite 
and the depth at which they found it, and also 
the location and depth of other wells in this 
belt that did not reach the granite. As shown 
by the structure section, all the Mississippian 
and older formations and much of the Penn- 
sylvanian are lacking in the northern part of 
the granite belt, though in Butler Coimty the 
whole of the Pennsylvanian and Mississippian 
series are probably present. 

The relations of the sedimentary formations 
to the granite ridge indicate that the ridge was 
formed prior to the Pennsylvanian epoch. 
The small size of the elevated mass suggests, 
however, that it could not have remained 
long above sea level without being reduced 
by erosion, and furthermore, the Mississippian 
and older formations of eastern Kansas contain 
little clastic material, such as a near-by 
granite land mass would furnish; hence it is 
thought that the ridge was elevated at the 
end of the Mississippian epoch. The Cambrian, 
Ordovician, and Mississippian formations were 
probably laid down throughout this area, but 
at the end of Mississippian time there was a 
period of uplift and erosion, as indicated by 
the imeven upper surface of the Mississippian 
itself. Differential uplift at this time probably 
led to the formation of the long, narrow 
granite ridge, and during the ensuing period 
of erosion all the sedimentary formations were 
apparently removed from this elevated area. 
When resubmergence of the surroimding coim- 
try took place at the beginning of Pennsylva- 
nian time most of the granite ridge remained an 
island, and it was not completely submerged 
until the end of the Shawnee epoch. 

As shown in figure 3, a well in Riley County, 
distinctly to the west of the main ridge, foimd 
granite at a depth of 2,385 feet, which may 
indicate simply a shoulder on the western slope 
of the main ridge or may represent another and 
distinct protuberance of the granite basement. 
Similarly a well in Woodson Coimty, far to the 
east of the main ridge, foimd granite at 2,585 
feet, or only about 700 feet beneath the base 
of the Mississippian. A well at Paola, Miami 
County, is reported to have reached granite 
at 2,260 feet, or about 1,000 feet below the 



Mississippian. On the other hand, a well at 
lola, only about 20 miles east of the Woodson 
Coimty well, entered the Mississippian at 1,040 
feet, and though it was drilled to 3,434 feet no 
granite was recorded. It seems, therefore, 
that the granite basement is irregular in 
contour and that there may be other though 
less prominent ridges elsewhere in eastern 
Kansas. 

As the main granite ridge is coincident with 
the western border of the helium-rich area 
(though also extending far to the north and 
probably to the south. of it), its structural rela- 
tions are of special interest in connection with 
the source of the helium. The great length 
and small width of the elevated area and also 
the dense and crystalline character of the rock 
involved strongly suggest that the ridge is an 
elevated fault block, or at least that one of its 
sides, probably the eastern, is determined by a 
fault. A. E. Fath,** of the Geological Survey, 
who has given special attention to the me- 
chanics of the structure of the Mid-Continent 
region, is in favor of this view and believes, 
moreover, that the basement rocks throughout 
the region are probably extensively fissured 
and that recent movements along these fis- 
sures have produced the many minor wrinkles 
that characterize the surface rocks of the 
region. Among his reasons for this belief are 
the following: (1) The rocks above the granite 
ridge lie in very prominent anticlines which in 
places represent structural elevations of over 
200 feet. This fold is too large to be ex- 
plained by differential settling and can best 
be accounted for by thrust from below. (2) 
The presence of granite at moderate depth at 
several isolated localities in eastern Kansas 
suggests that there may be elsewhere similar 
elevations in the granite floor. (3) In Kansas 
and Oklahoma there are many anticlines paral- 
lel to the granite ridge which, though represent- 
ing uplifts of only a hundred feet or so, can be 
traced across several counties. It is unreason- 
able to suppose that such regular and persistent 
structural features were produced by lateral 
thrusts which, so far as present knowledge 
indicates, must have originated several hun- 
dred miles east and west of the area. (4) The 
surface rocks in parts of northern Oklahoma 

> Personal communJcation. Mr. Fath discusses his views at length 
in a paper entitled ''The origin of the faults, anticlines, and buried 
'granite ridge' of the northern part of the Mid-Continent oil and gas 
field" (U. 8. Oeol. Survey Prof. Paper 128, pp. 75-«4, 1980). 
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are broken by many small parallel faults 
which occm* in zones that may be traced for 
many miles and that are essentially parallel to 
the granite ridge and to the main anticlines. 
These faults can also best be explained as faint 
surface reflections of more extensive movements 
of the pre-Cambrian floor. 

Although the contour of the granite ridge 
itself forms the most direct basis for assuming 
a fault in the pre-Cambrian rocks, the lines 
of evidence brought together by Mr. Fath thus 
furnish excellent reasons for suspecting the 
presence of many similar fault lines. This pos- 
sibility is of special interest in connection with 
the source of the helium, as discussed on 
pages 66-67. 

STl^TIORAPHZG DISTBIBTTTIOir OF THE HXLXUM . 

Viewed broadly, the helium content of nat- 
ural gas is related to the stratigraphic position 
of the producing sands, though the relation is 
by no means precise. Cady and McFarland, 
in their report on the helium-bearing gas of 
Kansas, presented a map showing ^^iso-helium" 
Unes, which, as they pointed out, had a general 
similarity in trend to the outcrops of the 
geologic formations. The numerous analyses 
now available indicate, however, that such 
Unes can not be drawn, for the factors of the 
geographic location and depth beneath the 
surface must.be taken into account, as well as 
the factor of stratigraphic ]>osition. 

The generalized structure section on Plate I 
shows the helium content and relative strati- 
graphic position of a number of natural gases 
from southern Kansas and northern Oklahom|i. 
It will be noted at once that the gases richest 
in helium occur in middle and upper Pennsyl- 
vanian strata. The one sample of Mississip- 
pian gas coUected in the fields adjacent to the 
line of the section contained only 0.08 per 
cent of helium. Three samples of gas from 
the Cherokee shale contained, as shown in the 
section, less than 0.1 per cent of helium. The 
gases of the overlying Henrietta and Pleasan- 
ton groups are considerably richer, three sam- 
ples averaging 0.47 per cent. The Kansas 
City group, however, is the lowest in which 
gas carrying more than 1 per cent of helium 
has been found, and similarly rich ga^es occur 
in all the overlying Pennsylvanian beds. The 
Permian gases, on the other hand, are poor in 
helium, the two samples plotted in the section 
showing only 0.27 and 0.1 per cent. 



In a broad sense, therefore, gases containing 
more than 0.5 per cent of helium seem to occur 
only in the strata between the top of the Wa- 
baunsee group and the base of the Kansas City 
group, a stratigraphic range of about 2,000 
feet. If this conclusion is correct it follows 
that the area of gas carrying more than 0.5 per 
cent of helium is bounded on the east by the 
line along which the Kansas City group lies at a 
depth of 200 feet or so, for commercial accumu- 
lations of gas can hardly be expected at depths 
shallower than this. The western limit of the 
area, however, is not determined by strat- 
igraphic considerations, but it is defined at 
present simply by the western limit of oil and 
gas development. Should this development 
be extended a considerable distance farther 
west, it may be presumed that the factor of 
depth will determine the western limit of the 
helium-rich area, for, as described below, gases 
rich in helium apparently do not occur at 
depths greater than about 1,600 feet. The 
top of the Pennsylvanian series probably 
reaches this depth within 25 miles to the west 
of the known heliimi-rich area. 

Although stratigraphic considerations serve 
to define the outer limits of the helium- 
bearing zone, it is evident that the helium 
content of the gases within the zone varies 
greatly. Individual sainples from approxi- 
mately the same horizon in the Augusta field 
range in helium content from 0.2 to 1.1 per 
cent, and samples from the Sedan field from 
1 to 2 per cent. Similarly the gas at Otto, 
Kans., which carries 1.04 per cent of heliimi, 
occurs at about the same horizon as the gases of 
the Pearson and Myers fields, Oklahoma, which 
average only 0.48 and 0.37 per cent. Further- 
more, the north and south limits of the helium- 
rich area are not related to stratigraphy or 
structure, and gases within the area that 
carry more than 2 per cent of helium occur 
at the same general horizon as those outside 
that carry less than 0.25 per cent. 

Although the heliimi-rich gas of the Mid- 
Continent area thus occm^ characteristically 
in upper and middle Pennsylvanian formations, 
it is f oimd in those formations only in a certain 
area, and even in that area its vertical and 
horizontal distribution is irregular. 

VABIATIOir ZV HSLnnC COHTEITT WITH DEPTH. 

The helium content of gases in the Mid- 
Continent field is generally related to the depth 
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at which the gases occhT; deep gases being 
poorer in helium than shallow ones. The gas 
occurring at a depth of 1,475 feet at Otto, 
Kans., contains about 1 per cent of helium, but 
nowhere else in the region is equally rich gas 
known to occur below 1,200 feet. On the other 
hand, gas carrying more than 1.75 per cent of 
helium has been discovered only in the Augusta, 
Dexter, and Sedan fields, and in all of these it 
occurs at depths of less than 600 feet. The 
gases richest in helium are high in nitrogen and 
being thus of little value for heating are known 
in the fields as "wind gas"; and it is generally 
recognized by oil and gas operators that wind 
gas occurs characteristically at shallow depth. 

In most fields in which there are two or more 
gas sands the shallowest gas is richest in helium. 
At Augusta, for example, the 600-foot gas 
contains 2 per cent of helium and the 1,500-foot 
gas averages only 0.5 per cent. At Eldorado 
the 900-foot gas averages 1.2 per cent, and the 
1,200-foot gas 1 per cent. At Sedan the 400- 
foot gas averages more than 1.5 per cent, 
whereas the 700-foot gas carries only about 
1 per cent. 

Owing to the fact that the dip of the strata 
throughout the Mid-Continent field is compara- 
tively gentle, vertical and stratigraphic dis- 
tances are about the same, and in some localities 
it is difficult to decide whether the helium 
content of the gas is influenced more by its 
depth beneath the surface or by its strati- 
graphic position. It seems clear, however, 
that the gas from a given formation is likely 
to be richer in helium in localities where the 
formation lies at shallow depth than where it 
occurs at greater depth. This is shown in the 
structure section on Plate I, though it must be 
admitted that the relation is rather irregular 
and vague. On the other hand, in some 
localities the factor of depth seems to be less 
important than that of stratigraphic position. 
In the Billings field, for example, the 500-foot 
gas which occurs in the Permian contains only 
0.1 per cent of helium, whereas the 1,000-foot 
gas, which probably occurs in the uppermost 
Pennsylvanian strata, carries 0.39 per cent. 
Similarly the gas of the Cherokee shale in 
eastern Kansas seems to be uniformly poor in 
helium, though it occurs in many localities at 
shallow depths. 
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The only field in Texas in which gas contain- 
ing more than 0.5 per cent of helium has yet 
been f oimd is the Petrolia field in Clay County. 
Gas carrying more than 0.25 per cent of helium, 
however, occiu^ throughout a considerable area 
lying to the south and southwest of PetroUa 
and extending from that field to Coleman and 
Brown counties. This area lies mostly to the 
west of the great north Texas oil and gas fields, 
but it is a district in which prospecting and 
development are now very active. It is 
probable, therefore, that the boundaries of the 
area as shown on Plate III, especially the 
western boundary, will be changed by future 
developments. 

All sources of supply in northern and central 
Texas and southern Oklahoma were sampled 
at the time of the writer's visit, in July, 1918, 
The location of the gas fields and the helium 
content of their product. are shown in more 
detail in Plate III. 

aXOLOOY. 

The north Texas oil and gas region lies near 
the eastern rim of the great Carboniferous 
basin which underlies most of western Texas 
and eastern New Mexico. Toward the west 
this basin extends northward without inter- 
ruption into western Oklahoma and Kansas, 
but on the east it is partly separated from the 
Mid-Continent basin by the Wichita and 
Arbuckle uplifts of southern Oklahoma. The 
north Texas petroleum region thus lies between 
these two areas of disturbance on the north 
and the Llano-Burnet uplift on the south, and 
its structural features are greatly influenced 
by its position with regard to them. The areal 
and structural geology of the region is shown 
in generalized form on Plates II and III. 

The oil-bearing rocks of the north Texas 
region are of Carboniferous age, and Carbonif- 
erous formations also constitute the surface 
rocks throughout most of the region. Pre- 
Carboniferous beds do not crop out within the 
helium-bearing area and have not been pene- 
trated by the drill except in its southern por- 
tion, but they may be studied in the Uano- 
Burnet uplift, to the south, and in the Wichita 
and Arbuckle mountains, to the north. The 
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formations involved are shown in the accom- 
panying columnar section (fig. 4), in which 
the data regarding the pre-Carboniferous for- 



to 

■g 

a: 

ui 

z 
o 

10 

< 



II 

o 



Q 



tn 



I 



■S 
I 



•I 



< 

K 
IS 

z 
< 



E ID 



FORMATION 



CLEAR FORK 
FORMATION 




WICHITA 
FORMATION 



CISCO 

FORMATION 



SEaiON 



'.%zELa 






IV* *^QV> 



CANYON 
FORMATION 



STRAWN 
FORMATION 



— uNCONro*9Mirr • 

SMITHWICK 
SHALE 



^ , o ,<■ 



=^5S 



izzr 



:i: _; 






TMICK- 

NCSSill 

FEtT 



lOOOt 



CHARACTER OF 
FORMATION 



Red and blue clay, sandy 
shdle.limestone.dnd sand- 
stone,with some gypsum 



Red and bluish-gray clay; 
shale and sandstone 



Qoo_ Shale, conglomerate, sand- 
irvvT stone, ano some limestone 
'""" and coal 



800- 

1100 



1900- 
^000 



MARBLE FALLS 

UMESTONE 
— u/tcoMrofiffi 
—uftcofffomMoy- 



ELLENBURGER 
UMESTONE 



WILBERNS \ 
FORMATION 



CAP MOUNTAIN 
FORMATION 



HICKORY SANDSTONE 
UNCOMfWWtrY- 




Limestone and clay,with 
some sandstone and 
conglomerate 



Sandstone and clay, with 
some conglomerate and 
shale. LowerlOOOfeet 
chiefly blue and black day 



Dark carbonaceous shale 



Gray to dark-blue limestone 
and dark-colored calcare- 
ous shale 



Black and gray shale and lime- 
5tone,inciuding at base the 
'Lower Bend shale" 



Poorly bedded white to gray 
limestone and dolomite, 
locally carryinf great 
abundance of chert 



Limestone and 
cakarepus shale 



Giaucomtic calcareous sandstone 



Sandstone with basal conglomerate 



Schist, gneiss, and granite 



FiouKE 4.— Oentfaliied ooltiiimar section of Ibrmetloiis In north-central 
Texas. The thicknesses of the pre-Carboniferous formatloiu are those 
measured by Paige in the Llano-Burnet uplift. The equivalent for- 
mations in the Wichita and Arbuckle uplifts are very much thicker; 
hence in the north Texas oil region they are doubtless considerably 
thicker than here shown. 



mations are based on observations in the 
Llano-Bumet district. 

The formations exposed in the Llano-Burnet 
area have been described in detail by Paige." 
The oldest rocks are granite, schist, and gneiss, 
with igneous intrusions, and are probably of 
Algonkian age. These rocks are siurounded 
by a rim of Cambrian and Ordovician beds 
dipping outward from the center of the uplift. 
As shown in the columnar section these rocks 
consist chiefly of limestone, dolomite, and 
calcareous sandstone and shale, with a con- 
glomerate at the base, and aggregate 950 to 
1,600 feet in thickness. In the Wichita 
Mountains, however, the pre-Pennsylvanian 
formations, according to Taff,** have a very 
much greater thickness. The earliest Cam- 
brian formation in the Wichita Mountains is 
similar in character and thickness to the 
Hickory sandstone of Texas, but it is overlain 
by a Cambrian and Ordovician formation, the 
Arbuckle limestone, which is 4,000 to 6,000 feet 
thick. The only other pre-Carboniferous for- 
mation exposed in the Wichita Mountains is 
an Ordovician limestone about 300 feet thick, 
but in the Arbuckle Mountains, 60 miles to the 
east the formations present include the Simp- 
son formation and the Viola limestone of 
Ordovician age, aggregating 2,000 to 2,500 feet 
in thickness; the Sylvan shale, also of Ordovi- 
cian age, 60 to 300 feet thick ; the Chinmeyhill 
limestone, 53 feet thick, and the Henryhouse 
shale, 223 feet thick, of Silurian age; the 
Haragan shale, 161 feet thick, the Bois d'Arc 
limestone, 90 feet thick, and the Woodford 
chert, about 650 feet thick, all of Devonian 
age. 

The aggregate thickness of pre-Carboniferous 
formations in the Arbuckle Mountains is 6,900 
to 10,250 feet, and although in the Wichita 
Mountains only 4,500 to 6,600 feet of pre- 
Carboniferous rocks are exposed, it is possible 
that several thousand feet more of these beds 
are present but are concealed by the mantle of 
Permian formations that unconformably over- 
lies them. Whether this is so or not, however, 
it is evident that the pre-Carboniferous beds 
are very much thicker in southern Oklahoma 
than in the Llano-Bumet area in central Texas, 

n Paige, Sidney, U. S. Oml. Survey Oeol. Atlas, Llano-Bumet folio 
(No. 183), 1912. 

M Tail, J. A., Preliminary report on the geology of the Arbuckle and 
Wichita mountains, in Indian Territory and Oklahoma: U. S. Oeol. 
Survey Prof. Paper 31, 1904. 
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where they have a maxunum thickness of 
only 1,600 feet. Beneath the northern part of 
the helium-bearing district, therefore, these 
formations are probably from 3,000 to 6,000 
feet thick, imless, as in Kansas, there are ir- 
regularities in the pre-Cambrian floor that cut 
out some of the basal beds. This possibility 
is disregarded in the representation of the 
structure of the pre-Carboniferous rocks and 
their thickening to the north in the structure 
section on Plate II. 

The Cambrian and Ordovician limestone in 
the Uano-Bumet area is unconformably over- 
lain by the Marble FaUs limestone, of Pennsyl- 
vanian age. Just north of that area, however, 
the Marble Falls is separated from the Ordovi- 
cian by limestone and shales believed to be of 
upper Mississippian age. The lower part of 
these Mississippian beds has been called 
** Lower Bend shale." " The Marble Falls 
limestone is overlain by the Smithwick shale, 
and the Smithwick is unconformably overlain 
by the Strawn formation. Because of the 
unconformities at the base of the so-called 
** Lower Bend shale," at the base of the Marble 
Falls, and at the top of the Smithwick, the com- 
bined thickness of these formations varies con- 
siderably, though in general it increases some- 
what toward the north. On the outcrop, where 
the Mississippian is absent, the Smithwick and 
Marble Falls together are 550 to 850 feet thick, 
but in the Ranger district the combined thick- 
ness of the three formations is almost 1,000 
f eet.** The highly prolific oil sands encoimtered 
at depths of 3,000 to 3,500 feet in the Ranger, 
Breckenridge, Caddo, and neighboring pools 
occur in the **Bend series," mainly in the 
Marble Falls limestone, and chiefly in its upper 
portion, and one or two wells have ako found 
oil and gas in the overlying Smithwick shale. 

The Smithwick shale is overlain by the 
Strawn, Canyon, and Cisco formations, of 
Pennsylvanian age, which consist chiefly of 
sandstone and shale with some coal. Cum- 
mins," Drake,** Hill,** and others have shown 
that the Strawn formation is about 2,500 feet 
thick in the neighborhood of Strawn, Palo 
Pinto Count3% and in some places reaches a 

» Udden, J. S., Review of geology of Texas: Texas UnJv. Bull. 44, 
pp. 41. 42, 1916. 

«• Matteson, W. G., A review of development in the new central Texas 
oil fields during 1918: Econ. Geology, vol. 14, p. 95, 1919. 

»' Cummins, W. F., Texas Geol. Survey Second .\jm. Rept., 1891. 

" Drake, N. F., Texas (^eol. Survey Fourth Ann. Rept., 1883. 

» Hill, R. T., r. S. Geol. Sur\ey Twenty-first Ann. Rept., pt. 7. 19Q1. 



thickness of 4,000 feet. Its thickness in north 
Texas, however, as measured by Grordon,*^ is 
only 1,900 feet. The Strawn consists chiefly 
of blue to black shale and reddish sandstone. 
It includes several workable coal beds and the 
oil sands that are productive chiefly in Palo 
Pinto County. The Strawn is overlain by the 
Canyon formation, which is 800 to 1,100 feet 
thick and which consists chiefly of shale and 
limestone in the Ranger region but becomes 
more sandy toward the north. Matteson*^ 
has called attention to the pronounced uncon- 
formity between the Strawn and Canyon forma- 
tions in the Ranger region and in north-central 
Texas generally. The Canyon is overlain by 
the Cisco formation, which is 800 to 1,000 feet 
thick and which consists chiefly of red to blue 
shale and reddish sandstone. The helium- 
bearing gas of the Petrolia field and much of the 
oil of the Electra and Burkbumett fields prob- 
ably occur in the Cisco formation. 

In northern and central Texas sedimentation 
was not interrupted at the end of the Pennsyl- 
vanian epoch, and the great series of Permian 
beds rests conformably on the Pennsylvanian 
strata. The lowest Permian formation, the 
Wichita, is lithologically very similar to the 
Cisco formation and yields the shallow oil of the 
Petrolia, Electra, and Burkbumett fields. The 
Wichita, which is 1,000 to 1,200 feet thick, is 
overlain by the Clear Fork and Double Moun- 
tain formations, which have a combined thick- 
ness of almost 4,000 feet, but these beds crop 
out west of the area tmder discussion and need 
not be considered here. 

The conditions of sedimentation in southern 
Oklahoma differed from those in Texas in 
several particulars. As already noted, the 
thickness of the pre-Carboniferous formations in 
southern Oklahoma is very much greater than 
in Texas, and in the Arbuckle Mountains, at 
least, sedimentation continued without notable 
interruption through Mississippian time. At 
the end of the Mississippian, however, the 
Arbuckle r^on was uplifted into land, and so it 
remained during a great part of Pennsylvanian 
time. During this epoch only a comparatively 
small thickness of strata was deposited in the 
^Vrbuckle region proper, though in central and 
northern Texas the thick series of beds repre- 

«• Gordon, C. H., Geology and nndeif round iraters of the Wichita 
region, north-central Texas: U. S. Geol. Survey Waler-Snpply Paper 
317, p. 14, 1913. 

<t Matteson. W. Q., Econ. Geology, vol. 14, p. 105, 1919. 
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sented by the Marble Falls, Smithwick, Strawn, 
Canyon, and Cisco formations was laid down. 
Moreover, near the end of the Pennsylvanian 
the sediments of the ArbucUe region were agam 
folded and elevated into land, and a great 
hiatus occurred between the deposition of the 
Jiighest Pennsylvanian formations and that of 
the lowest Permian. During the same period 
sedimentation in north Texas, resulting in the 
formation of the Wichita and Cisco beds, was 
practically continuous; hence in southern Okla- 
homa part or all of the Wichita and Cisco and 
perhaps still lower beds are absent. The exact 
conditions can not be determined, except in the 
immediate vicinity of the Ar buckle uplift, for 
elsewhere all the older rocks are unconformably 
overlain by a blanket of Permian beds ; hence at 
present it is impossible to correlate the oil and 
gas zones of southern Oklahoma with those of 
northern Texas. 

That the tectonic relations of the north Texas 
r^on are complex and difficult to decipher is 
clear from the forgoing discussion. It is 
evident that the pre-Carboniferous rocks form 
a sort of basin between the Llano-Burnet uphf t 
on the south and the Wichita and Arbuckle 
uplifts on the north. Although there is no 
marked discordance in dip in the Llano-Burnet 
region between these formations and the Car- 
boniferous, farther north the upper surface of 
the pre-Carboniferous is very irregular and its 
structure may be very different from that of 
the Carboniferous formations. In the Llano- 
Bumet district the lower Pennsylvanian beds 
have a general northerly dip, and in the 
Ranger region they are known to dip also to 
the east and west, forming a broad, gentle 
anticline whose northward-plimging axis is a 
radial extension of the Llano-Burnet uphft. 
The Strawn and higher formations dip in 
general to the northwest, their structure 
being controDed in part by the Llano-Bumet 
uplift and in part by their position on the 
eastern rim of the great Carboniferous basin 
of west Texas. The Permian beds in Texas 
are conformable to the Pennsylvanian, but in 
southern Oklahoma they are unconformable 
and conceal the complicated structure which 
undoubtedly characterizes all the older for- 
mations in that area. 

DIBTBIBXJTIOir OF THE EELITTll. 

The gas produced in all the fields of northern 
and central Texas and southern Oklahoma 



has been tested for helium, and the results are 
shown on Plate III. It will be noted that the 
only field producing gas carrying more than 0.5 
per cent of helium is Petrolia, that gas carrying 
more than 0.25 per cent is found throughout a 
large area south of PetroUa, and that all the 
southern Oklahoma fields yield gas very poor 
in heUum. As the fields in this region are fewer 
than those in the Mid-Continent region and 
are also more widely separated, it is even more 
difficult to draw definite conclusions as to the 
factors covering the distribution of the helium, 
though its broader stratigraphic relations are 
plain. The rich Petrolia gas occurs in the 
upper Pennsylvanian, and the poorer gases to 
the south in the lower Pennsylvanian. The 
Permian gases of southern Oklahoma and the 
basal Pennsylvanian and Mississippian gases of 
the Ranger region are poor in heliiun, and the 
Cretaceous gases of east-central Texas and 
Louisiana contain only traces of heliiun or 
none at all. The stratigraphic distribution of 
the helium in this region is thus similar to that 
in the Mid-Continent district; the richest gases 
are of upper and middle Pennsylvanian age, 
and both older and yoimger gases are poor. 

The PetroUa gas, which carries almost 1 per 
cent of heliiun, is derived from a zone of sands 
that lies at a depth of 1,500 to 1,750 feet and 
is beUeved to occur in the Cisco formation. 
The gas sands are lenticular and can not be 
traced for any great distance, but there appear 
to be two main producing groups of sands, one 
lying at an average depth of about 1,550 feet 
and the other at about 1,700 feet. A less 
definite zone occurs between the two, and 
'* stray" sands are also reported in many wells. 
Samples collected from individual wells show 
a range in helium from 0.65 to 1.18 per cent, 
and the gas from the uppermost group of sands 
is apparently slightly richer than that from 
the others. As all these groups, however, lie in 
one general zone, and as no gas is produced 
from other zones in the field, it is impossible to 
determine how far the helium content of the 
gas is related to its depth or its exact strati- 
graphic position. 

The PetroUa field is the only locaUty in which 
gas is produced from sands that are almost cer- 
tainly in the Cisco formation. In the Electra 
and Burkbumett fields, a short distance west 
of PetroUa, oil is obtained from sands in the 
Cisco and in the overlying Permian, but no 
commercial suppUes of gas have been found. 
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the east and southeast. The general geology 
of the r^on is well brought out m figure 5, 
The highest part of the broad, gentle Cincin- 
nati anticline is defined by the outcrop of 
Ordovician rocks, and this is surrounded by 




Fioxnus 6.— Columnar section o f rocks exposed and encoontered in drill- 
ing in south-central Ohio. Based on data given by Phalen, W. C, U. S. 
Oeol. Survey Oeol. Atlas, Kenova folio (No. 184), 1913, and by Hub- 
bard, G. D., Staufler, C. R., Bownocker, J. A., Prosser, C. 8., and 
Cumings, E. R., idem, Columbus folio (No. 197), 1915. 



the Silurian, Devonian, Mississippian, and 
Pennsylvanian strata that are exposed farther 
down on the flanks of the anticline. The area 
in which Permian formations constitute the 
surface rocks marks the deepest part of the 
basin, and east of this locality the general dip 
of the strata is west and northwest. The dip 
increases sharply in the moimtains, where the 
Mississippian and older Paleozoic formations, 
thrown into a series of closely compressed 
folds, are again exposed. Pre-Cambrian rocks 
crop out still farther east, in the extreme 
southeast corner of the area mapped. 

The formations exposed and encountered in 
drilling in the Vinton County area range in age 
from Pennsylvanian to Ordovician, as shown 
in the columnar section (fig. 6). The surface 
formations are the Allegheny and Pottsville, of 
lower Pennsylvanian age, which consist of 
shale and sandstone with nimierous coal beds. 
In Ohio the top of the Mississippian is marked 
by a thin limestone, but the series consists 
chiefly of shale and sandstone formations 
having an aggregate thickness of about 300 to 
800 feet. The Berea sandstone, which lies at 
or near the base of the Mississippian, is an 
important reservoir of oil and gas throughout 
the Appalachian region. The upper and mid- 
dle parts of the imderlying Devonian system 
consist chiefly of dark shale, but the lower 
part is composed of two limestone formations. 
In the Columbus area, about 60 miles north of 
Vinton County, the Devonian has an aggre- 
gate thickness of 825 to 915 feet. The upper 
part of the Silurian system consists of lime- 
stone and dolomite formations about 450 feet 
thick, and the lower part, about 270 feet 
thick, is represented by a shale supposed to be 
the Osgood shale, the *' Clinton" formation, and 
an underlying shale that represents a part of 
the Medina group. 

The *' Clinton" formation** is of special 
interest because it includes the Clinton sand, 
the chief reservoir of natural gas in central 
Ohio and of helium-bearing gas in the Vinton 
County field. The *' Clinton" formation crops 
out on the east flank of the Cincinnati anticline 

« When gas was first disoovered in these rocks at Lemcaster tho fonsft* 
tion was thought to be the equivalent of the Clinton of New Ywt 
Later studies have shown that the beds lie below the true Clinton and 
probably belong to the Medina group. As the term Clinton sand is nov 
too well established among the drillers to be sopplanted, and as no otber 
name for the formation that contains this sand has yet been generally 
accepted, the term "Clinton" formation is retained in this paper in 
conformity with current usage. 
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west of Vinton County and, dipping to the east, 

attains a depth of 2,000 to 2,600 feet in the 

Vinton County field. East of that locality 

the depth of tJie ^'Clinton" increases sharply, 

owing not only to the normal dip but to the 

great thickening of the Devonian shale above 

it, and in western Pennsylvania and West 

Virginia the formation lies at depths greater 

than 7,000 feet. The Clinton sand itself does 

not appear in the surface exposures of the 

*'Clinton" formation, and drill records indicate 

that it feathers out and merges into shale 

along the western edges of the Vinton County 

field and of the other Clinton sand fields to the 

north. This thi n ning out of the sand has 

imdoubtedly been the chief factor in the 

accumidation of natural gas throughout the 

belt, and most of the Clinton sand fields have 

monoclinal rather than true anticlinal structure. 

Xo wells in the Vinton County district have 
penetrated far below the Clinton sand, but the 
records of deep wells near Columbus and near 
Waverly furnish information as to the character 
and thickness of the Ordovician rocks. As 
shown in figure 6, the data for the lower part 
of which are derived from the record of a well 
near Columbus, the '^Clinton'' is underlain by 
more than 1,800 feet of Ordovician beds. The 
upper 1,000 feet of the Ordovician consists 
chiefly of shale, at the base of which lies 475 
feet of limestone, which has been classified as 
Trenton ( ?) and older. 

This is underlain by 316 feet of white sand- 
stone that is believed to represent the St. Peter. 
The record of the well at Waverly, however, 
which is only 20 miles west of the Vinton 
County area, shows only 175 feet of Sandstone 
at the horizon of the St. Peter and 320 feet of 
white dolomitic limestone below. According 
to Bassler's interpretation *• of this record, the 
white limestone is of Lower Ordovician age. 
Drillings obtained near the bottom of this well 
included a few fragments of a basic igneous 
rock which Bassler regards as probably repre- 
senting the pre-Cambrian basement. If this 
view is correct the Clinton sand at Waverly is 
underlain by about 2,500 feet of sedimentary 
rocks, and in Vinton Coimty the thickness of 
pre-*' Clinton '^ sediments is presumably about 
the same. 

«• Bassler, R. S.', Stratigraphy of a deep well at Waverly, Ohio: Am. 
Jour. ScL, 4th ser., toL 31, p. 19, 1911. 



The only known outcrop of igneous rock in 
this rc^on is near Willard, Ky., about 85 miles 
south of Vinton County. The rock is kimber- 
lite, a variety of peridotite, and appears to 
represent a dike that was intruded in post- 
Allegheny time. 

DIBTBIBTmOir OF TEE HEUXTX. 

The occurrence of helium in the Vinton 
Coimty area was investigated by George B. 
Richardson, of the Geological Survey, from 
whose reports the following information has 
been taken. (See p. 90). 

By far the largest supply of helium-bearing 
gas is found in the Clinton sand, which ranges 
in depth from about 2,050 to 2,450 feet and 
dips to the east at a fairly regular rate of 60 to 
70 feet to the mile. In the eastern part of the 
field the sand is 20 feet or more thick, but it 
thins toward the west and feathers out in the 
western part of the county. The Clinton gas 
carries from 0.20 to 0.48 per cent of helium, 
though 14 out of the 18 samples collected 
showed between 0.34 and 0.44 per cent. The 
slight variation in helium content appears to be 
irregular, and no evidence of segregation, either 
geographic, stratigraphic, or structural, could 
be detected. Samples collected on the east 
side of the field showed as much helium as those 
on the west side, where the sand lies 350 feet 
higher. 

A fact of considerable scientific interest 
is the occurrence of natural gas carrying practi- 
cally the same proportion of helium — 0.39 per 
cent — in a sand at or near the horizon of the 
Berea, which lies about 1,850 feet stratigraphi- 
cally above the Clinton sand. As pointed out 
in the foregoing pages, in the Mid-Continent 
region the gas richest in helium occurs char- 
acteristically at shallow depth, and in both the 
Mid-Continent and the north Texas fields the 
distribution of the helium-rich gases is dis- 
tinctly related to the stratigraphy. The fact 
that the Clinton gas of Vinton County carries 
as much helium as the Berea gas, which is far 
younger and which occurs relatively close to 
the surface, is therefore surprising. The occur- 
rence of helium in the Berea gas is of little 
practical importance in Vinton County, how- 
ever, for the production from this sand is 
small, whereas that from the Clinton amoimts 
to about 65,000,000 cubic feet a day. 



32 



HELIUM-BEARING NATURAL. GAS. 



BOCB7 MOUNTAIN AND PACIFIC COAST 

BEGIONS. 

During the summer of 1918 practically all 
commercial supplies of natural gas in Wyo- 
ming, the Dakotas, Montana, Wasliington, and 
California were sampled, the Wyonung samples 
being collected by C. A. Fisher, consulting 
geologist, of Denver, Colo., and the remainder 
by A. W. Ambrose and E. W. Wagy, of the 
Bureau of Mines. The gas at Havre, Mont., 
proved to contain 0.27 per cent of heliimi; that 
at Pine Mountain, Wyo., about 0.26 per cent; 
and that at Fillmore, Calif., 0.31 per cent; but 
none of the other gases sampled contained 
more than 0.15 per cent, and the great major- 
ity contained only traces of helium or none at 
all. With the exception of the gas from Pine 
Mountain, Wyo., which is derived from a Car- 
boniferous formation, practically all the gas 
produced in the Rocky Mountain and Pacific 
coast region is of Cretaceous or Tertiary age. 
This fact, taken in connection with the very 
low helium content of the Cretaceous and Ter- 
tiary gases of Texas and Louisiana, indicates 
that the prospects of discovering helium-rich 
gas in Cretaceous and Tertiary strata are poor. 

The small Havre gas field in north-central 
Montana is in the southeastern part of Hill 
County and lies only about 30 miles south of 
the international boundary. The sample of 
Havre gas analyzed was collected from a well 
at the west end of the town and is presumably 
representative of the gas produced by the two 
or three other wells that have been drilled in 
the vicinity. The gas analyzed occurs at a 
depth of 1,200 to 1,300 feet, and according to 
Stebinger *^ it is derived from the Eagle sand- 
stone, which is the basal formation of the Mon- 
tana group, of Upper Cretaceous age. The 
predominant surface rock in the vicinity of 
Havre is the Judith River formation, one of 
the higher formations in the same group. 
The Eagle is underlain by the Colorado shale, 
1,500 to 1,700 feet thick, and the Colorado in 
turn by the Kootenai formation, of Lower 
Cretaceous age, 400 to 600 feet thick. On the 
east flank of the Bearpaw Mountains, about 
30 miles southeast of Havre, the Kootenai is 
underlain by older Mesozoic and Paleozoic 
formations, but owing to the disturbed con- 
dition of the strata in this region it is impos- 
ts Stebinger, Eugene, Possibilities of oil and gas in nortb-oentral-Mon- 
tana: U. S. Geol. 8un-i?y Bull. 641, pp. -1^92 ,1917. 



sible to determine the thickness of the sedi- 
ments which in the Havre district separate the 
Eagle sandstone from the basement rocks. 
The north end of the main igneous mass of the 
Bearpaw Mountains lies only about 10 jmles 
south of Havre, and small isolated exposures 
of intrusive rock appear within 2 or 3 miles of 
the gas wells. 

Considerable volumes of natural gas are 
produced in Canada, and during the war the 
helium content of Canadian gases was investi- 
gated. No report of this investigation has 
been published^ but it is understood that no 
gases containing more than about 0.33 per 
cent of helium were discovered. 

The gas produced in the Pine Mountam 
dome, 25 miles northwest of Casper, in central 
Wyoming, is derived from a Carboniferous 
formation. According to Hares** the pro- 
ducing formation is probably the Tensleep 
sandstone, of Pennsylvanian age, though C. 
A. Fisher, who collected the samples, states 
that the gas may be derived from the over- 
lying Embar group, which is of Pennsylvanian, 
Permian, and Lower Triassic age. The gas 
occurs at a depth of 1,668 feet. Unfortu- 
nately, the sample was lost during analysis, and 
the helium content was not exactly determined, 
but C, W. Seibel, who made the analysis, 
regards 0.26 per cent as a close approximation. 

The most interesting feature of the Piue 
Mountain gas is the fact that it contains more 
than twice as much helium as any of the other 
Wyoming gases tested, all of which are of 
Cretaceous age. A sample from the Frontier 
sand (Colorado group of Upper Cretaceous 
age), in the Buffalo Basin field, showed 0.07 
per cent, and a sample from the Cloverly 
formation (Lower Cretaceous), in the Oregon 
Basin field, showed 0.09 per cent. Nine 
samples from these and other Cretaceous beds 
contained only a trace of helium, and three 
samples contained none. Hence, in Wyoming, 
as in the Mid-Continent region, the gas richest 
in helium appears to be of Carboniferous age. 

The shallow gas at Fillmore, Ventura 
County, Calif., is remarkable as the only one 
of the 56 California gases sampled that con- 
tains more than 0.15 per cent of helium. This 
gas, which contains 0.31 per cent of helium, 
occurs at a depth of about 600 feet, and 

« Hares, C. J., Anticlines in central Wjromlng: U. S. Geol. Sarvcy 
Bull. 641, pp. 235-280, 1917. 



DISTRIBUTION AKD RELATIONS OF HELIUM-BEARING NATURAL GAS. 



83 



according to Eldridge^* it is probably derived 
from the Sespe formation, of 01igocen6(1) age. 
A sample from a more productive gas sand in 
the same field, lying at an average depth of 
2,800 feet, showed, however, only 0.06 per 
cent of helium. A sample from the Santa 
Maria field, also in southern California, con- 
tained 0.13 per cent of helium, and one from 
the Coalinga field in Fresno County contained 
0.11 per cent, but the remaining 51 samples 
collected from these and other fields contained 
only traces of helium at the most. (See 
pp. 96-97.) 

CANADA. 

A sample of the gas produced in the Bow 
Island field, near Lethbridge, Alberta, about 
125 miles northwest of Havre, Mont., was 
collected in August, 1918, by A. W. Ambrose 
and was found to contain 0.30 per cent of 
helium. At that time there were 26 gas wells 
in the Bow Island field having an average 
depth of 1,900 feet and a combined open flow 
of 15,000,000 cubic feet a day. This gas is 
supposed to occur in the lower part of the 
Colorado shale, or about 1,200 to 1,500 feet 
below the producing sand at Havre. The fact 
that both these gases carry about the same 
proportion of helium suggests that similar gas 
may be found elsewhere in this region in 
Cretaceous formations. 

BtTBOPS. 

Systematic searches for helium - bearing 
natural gas in European countries were not 
made until after the outbreak of the European 
war, and the results of these explorations have 
not been published. Prior to the discovery of 
heUum in Kansas natural gas by Cady and 
McFarland, however, a number of Italian 
gases of various types had been tested by 
Xasini, Anderlini, and Salvadori,"" and faint 
traces of helium had been detected in the 
natural gas of Bagni della Porretta, on the 
northern flank of the Apennines. (See p. 51.) 
The same investigators in 1906 identified helium 
in the natural gas of Salsomaggiore," in 
northern Italy, and since that time the helium 

•EldxidgB, O. H., And Arnold, Ralph, The Santa Clara Valley, 
Poento Hflb, and Los Angeles oil districts, southern California: U. S. 
Geol. Sorvey Bull. 800, p. 76, 1907. 

<*Nashii, R., Anderlini, F., and Salvador!, R., RioBrche sulle emana- 
lioni temstre italiane: Oan. chim. iUL, vol 28, pp. 81-153, 1898. 

u Idem, vol. 36, pt. 1, p. 429, 1906. 
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in a number of other European gases has been 
quantitatively determined by several chemists. 
Unfortunately the memoirs in which these 
analyses were published give little information 
as to the geologic occurrence of the gases, but 
the data given have some interest in connec- 
tion with the foregoing discussion of the 
occurrence of helium in North American gases. 

Helium was found in the gas produced at 
Neuengamme, near Hambuig, by Voller and 
Walter" in 1910. They found this gas, which 
occurs in Tertiary strata at a depth of 810 
feet, to contain 6.6 per cent of nitrogen, 0.05 
per cent of argon, and 0.01 to 0.02 per cent of 
helium. A later analysis of the same gas by 
Czak6" showed 3.32 per cent of nitrogen and 
0.0141 per cent of helium, and a test by 
Sieveking and Lautenschl&ger ^ showed 0.025 
per cent of helium. The last-named authors 
also examined gas from Transylvania, the 
most productive gas region in Europe, and 
foimd it to contain 0.007 per cent of helium. 
Gas from Kiss&rm&s, in the same region, was 
found by Czak6 to carry 0.0014 per cent of 
helium. Czak6 found less than 0.01 per cent 
of helium in the gas produced- at Wels, Austria, 
and in the shallow gas of the Alsatian field 
but reported 0.38 per cent in a small flow of 
gas from a deep test hole near Pechelbronn, 
Alsace. This gas is derived from a depth of 
about 3,280 feet, and the occurrence of a gas 
comparatively rich in helium at so great a 
depth is somewhat surprising in view of the 
apparent tendency of helium in the North 
American fields to collect at shallow depth. 
All the other European gases analyzed are 
believed to be of Tertiary age, however, 
whereas the deep Pechelbronn gas is said to 
issue from the Urformation, which in this 
locality is presumably of early Mesozoic age. 

Czak6 determined the radioactivity of the 
gases which he tested for helium and foimd 
the deep Pechelbronn gas to be very much 
more active than the gases poor in helium. 
He also examined a number of other natural 

u Voller, A., and Walter, B., t^ber den Helium und Argongehalt 
dee Erdgases von Neuengamme: Hamburgiaohen wiasenschaftlichen 
Anstalten Jahrb., Band 28, Ileft 5, 1910. 

NCzakd, Emorich, t)ber Ileliumgehalt und Radioaktivit&t von 
Erdgasen: Zeltsdir. anorg. Chemie, vol. 82, pp. 261, 268, 1913; Beitrlge 
sur Kenntnisnaturlloher GaaauastrSmungen, Dissertation, Oroasherxog- 
Uoh tedmiachen Hochachule su Karlsruhe, 1913. 

M Sieveking, H., and Lautenachl&ger, L., t^ber Helium in Thermal- 
quellen und Erdgasen: Physlkal. Zeitschr., vol. 13, p. 1043, 1912. 
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gases for radioactivity and found them to he 
about as active as the gases known to contain 
only very small amounts of helium. His 
results are given in the following table : 



to point out the factors that seem to influence 
its distribution in different regions. At the 
present time only general conclusions can be 
drawn, however, for two neighboring wells 



Helium content and radioactivity of same European natural gates. 



Bonroe. 


• 

Depth of well 

(feet). 


Flow of gas per 

dfty (thoaaand 

cubic feet). 


Radioactivity 
(volt-stunden). 


Hellaxii(per 

cent). 


Nitrogen (per 
cent). 


Date sampled. 


Neuengamme, near Hamburg, Ger- 
many. 


810 17 «R74- 


580 

165 

290 
700 

300 

300 

500 

17,000 

70 

50 
120 

85 
125 
140 
280 
110 


0. 0141 
.0089 


3.32 


I>ecember, 


Wels, upper Austria: 

Scharf well 


1,246 

820-1, 312 
590-754 

901 
469 




1911. 
September, 


Krankenhaus well 


• 




1912. 
Do. 


Herdiabrik well 


39 i: 






Do. 


Pechelbronn, Alsace: 

Well 220 


.0063 


6.36 


April. 1912, 


Well 1261 




Do. 


Old well 








Do. 


Deep w611 


3*286±" 

990 

738 
354 
223 
459 
335 
4,165 
1,680 




.38 
.0014 


46.55 
.73 


Do. 


EiaB&rmas, Hungary: 

Wellll 


30,371 

7,240 
2,472 
1,942 
1,942 
635 
127 ± 


September, 


Well XII 


1912. 
Do. 


WellXIII 






Do. 


WellX 






Do. 


B&zna, Huneary, well XIV 






Do. 


Medgzes, Himgary, well XXII 

Marosugra, Hungaiy, well V 

Campina, Kiunania, well 103 






Do. 






Do. 






Do. 











All the European natural gases that have 
been tested are therefore very poor in helium 
with the exception of the small flow from the 
deep well at Pechelbronn; and if, as Czak6 
apparently believes, the radioactivity of a gas 
is a rough index of its helium content it is 
evident that all the other gases cited in the 
foregoing table are also poor in heUum. As 
already pointed out, the Tertiary and Creta- 
ceous gases of the United States are, with two 
exceptions, very poor in helium, and as practi- 
cally aU the European natural gases are of 
Tertiary age their low hehum content is not 
surprising. It would of course be unwise to 
infer that all Cretaceous and Tertiary gases the 
world over are poor in helium, though this 
conclusion is suggested both by the scanty 
available evidence relating to heUum in Euro- 
pean gases, and by the abundant evidence re- 
garding the distribution of helium in the 
United States. 

SXTMMART OF FACTOBS IMFLUKKdNG THE 
DISTBIBimON OF HSUITM. 

In the foregoing pages the writer has en- 
deavored to describe broadly the geologic 
occurrence of helium-bearing natural gas and 



producing from the same horizon may yield 
gases differing in helium content, and untU 
the cause of such local variations is imderstood 
it is unwise to attach much significance to 
small differences in the helium content of 
gases produced in widely separated fields. 

In the Mid-Continent region, which contains 
the largest known accumulations of helium- 
bearing gas, the richest gas occurs at com- 
paratively shallow depths in upper and mid- 
dle Pennsylvanian strata. In the Texas re- 
gion, which is the next most prolific, the 
stratigraphic distribution of the gas is the 
same, and there is reason to believe also that 
rich gas will not be found at great depth. In 
Ohio, however, a lai^e volume of gas carrying 
0.33 per cent of helium is foimd in Silurian 
strata at a depth of more than 2,000 feet, and 
a smaU volume of equally rich gas occurs in 
Mississippian beds about 1,800 feet strati- 
graphically higher. Gas of Cretaceous and 
Tertiary age is usually very poor in heliuni, 
though in two localities such gas has been 
found to contain slightly more than 0.25 per 
cent. 

As the heUum-bearing gas in the Mid-Con- 
tinent and Texas regions has a definite strati- 
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graphic distribution, the boundaries of the 
helium-rich areas are to some extent deter- 
mined by the structural and areal geology. In 
lai^e part, however, these boundaries appear 
to be controlled by some local conditions 
which are not yet understood and which can 
be determined, if at all, only by special study. 
It is possible that the sediments in the helium- 
bearing areas are peculiar in composition, per- 
haps containing disseminated deposits of the 
radioactive minerals that generate helium. Or, 
it is possible that unusual structural conditions 
characterize the rocks beneath the helium- 
bearing areas and that the helium has as- 
cended from deep-seated sources and mingled 
with the hydrocarbon gases formed above. 

The belief that the helium is of plutonic ori- 
gin is a popular one, and the writer has fre- 
quently been asked whether it is not possible 
to account for the helium as having arisen 
through fissures from great depths. Some 
warrant for this belief is afforded by the buried 
granite ridge on the west edge of the Mid- 
Continent r^on, which, as already described, 
was probably formed in part by faulting. In- 
asmuch, however, as the ridge extends far to 
the north of the helium-bearing area and prob- 
ably also to the south of it, and as helium is 
foimd also many miles east of the ridge, little 
weight can be attached to this evidence. The 
practical absence of helium in the deep gases 
nearer the granite is a strong argument against 
the supposition that the helium has risen from 
deep-seated sources; and furthermore, there is 
no evidence in either the north Texas or the 
Ohio districts for supposing that there are any 
similarly unusual structural features in the 
basement rocks. 

On the other hand, there is some evidence 
directly opposed to the view that helium has 
arisen along fissures, for the gas produced in 
most fields that are close to areas of uplift or 
to igneous intrusions is poor in helium. For 
example, as shown on Plate III, the fields of 
southern Oklahoma, which are close to the 
Wichita and Arbuckle uplifts, yield gas very 
poor in helium; and several of the Wyoming 
fields, which are not far from areas of uplift 
and intrusion, produce gas carrying only 
traces. The Havre field is, in fact, the only 
district close to an uplift which is known to 
produce gas carrying more than 0.25 per cent 
of helium. Moreover, gas produced from a 



depth of 730 feet beneath a Tertiary lava flow 
near Prosser, Wash., contains only 0.06 per 
cent of helium, and the gas of the Thrall field, 
Texas, which issues directly from a body of 
serpentine, contains no helium at all. The 
observed occurrences of the helium-bearing gas 
thus afford little basis for supposing that the 
helium is associated with unusual structure or 
with igneous activity. 

CHEMICAL COMPOSITION OF HELIUM-BEARING 

NATURAL GAS. 

COKSTITUKNTS OF NATURAL GAS. 

Although all gaseous mixtures that issue 
from the earth are of course natural gases, the 
term natural gas is ordinarily restricted to the 
gaseous mixtures rich in hydrocarbons that are 
generally associated in nature with petroleum. 
In many of the old analyses of natural gas a 
great variety of constituents are reported, but 
recent improvements in the technique of gas 
analysis indicate that the constituents are 
comparatively few in number and that natural 
gas is sufficiently uniform in character to 
warrant its recognition as a chemically distinct 
type. Many varieties are known, however, 
and between them all gradations exist. 

The characteristic and principal constituents 
of ordinary natural gas are the light paraffin 
hydrocarbons, methane and ethane, with 
generally smaller proportions of propane and 
the next higher members of the paraffin series. 
"Dry" gas not directly associated with petro- 
leum usually consists chiefly of methane with a 
little ethane; "wet" gas occurring in the same 
sand with oil may carry also propane, butane, 
pentane, and hexane. The composition of gas 
occurring directly with oil is, however, influ- 
enced by the decrease in pressure due to the 
removal of oil and gas from the sands; in the 
early stages of a field^s life such a gas may 
consist chiefly of methane and ethane, but as 
the pressure decreases the heavier hydrocarbons, 
previously dissolved in the oil, are released, and 
the gas may then consist chiefly of propane and 
butane. Such gases are valuable on accoimt of 
their heavier hydrocarbons, which may be ex- 
tracted and condensed as gasoline; but they 
occur only in association with oil, and their total 
volume is small in comparison with that of the 
high-methane gases that are chiefly used for 
heating and lighting. Owing to the fact that the 
composition of "wet" or casing-head gas is 
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largely a function of the pressure in the sand, 
such gases are not likely to carry helium in 
proportions large enough to be of value. Most 
of the gases sampled during the present in- 
vestigation were therefore "dry'' gases oc- 
curring in sands that do not yield oil. 

Analyses made by the ordinary or eudio- 
metric method do not show the higher hydro- 
carbons, which can be separated only by 
fractional distillation at low temperatures." 
In the ordinary method of analysis the hydro- 
carbons are treated as a imit and the results 
are expressed, by algebraic calculation, in 
terms of methane and ethane alone. Never- 
theless, the woik of Burrell and his associates 
indicates that small proportions of propane 
and butane are present in many or most gases, 
though, on the other hand, it shows also that 
the olefin hydrocarboQs which are reported in 
many old analyses probably do not occur in 
any natural gas.** 



presence usually indicates contamination of 
the sample by air, and in such analyses the 
proportion of nitrogen reported is also unduly 
high. Hydrogen and carbon monoxide are re* 
ported, on the basis of indirect determina- 
tions, in many old analyses, but according to 
Burrell and Oberfell*^ these substances are 
really present in few if any natural hydrocarbon 
gases. Hydrogen sulphide is present in some 
gases in proportions as great as 2 of 3 per cent, 
though most gases do not contain even traces 
of it. HeliuxUy argon, and the other inert 
gases are probably present in minor quantity 
in most natural gas, but they can be determined 
only by special methods, and in ordinary 
analyses they are reported with the nitrogen. 

VABIETIES OF KATXTSAL GAS. 

As natural gas is simply a mechanical mix- 
ture of the constituents mentioned above, it 
has no fixed composition and exhibits a wide 



Analyses shoiving varioits types of natural gas. 
[By Bureau of Mines.] 



Methane (CH4) 

Ethane (CaHa^ 

Carbon aioxide (CO.j) 

Nitxogen o (N51) 

Hydrogen Rulphide (H^S). 
Oxygen (Oa) 



Heating value (British thermal units per cubic 

foot, at 0® C. and 760-rQillimeter pressure). . 

Specific gravity (calculate) 



86.7 
9.5 
1.7 
2.1 



.0 






100.00 

1,100 
0.63 



96.5 

.0 

1/4 

2.1 



.0 



100.00 

1,028 
0.68 



67.6 

31.3 

.0 

1.1 



.0 



100.00 

1,302 
0.71 



6.6 

91.1 

.0 

2.3 



.0 



100.00 

1,765 
0.99 



5 



66.2 
1.0 

30.4 
2.4 



.0 



100.00 

• 724 
0.85 



23.6 

69.7 

2.5 

1.3 

2.9 

.0 



100.00 

1,548 
0.91 



51.3 

10.4 

.1 

38.2 



.0 



100.00 

740 
0.76 



1. Fnllerton field, Orange County, Calif. 

2. Caddo field, Caddo and Bossier paiiahes. La. 

3. Oil City. Clarion County, Fa. 

4. Titusville. Crawford County, Pa. 

6. McKittriok field. Kings County, Calif. 
6. Glasgow, Barren County. Ky . 
~ ~ " ~ ity,Tex. 



o Includes helium and the other inert gases. 



7. Petrolia field. Clay County, ^«». 

1, 4-6. Burrell. O. A., Seibert, F. M., and Oberfell, O. G., The condensation of eaaoUne from natunl gas: Bur. Mines Bull. 88, pp. 31, 22, 191% 

2., 3, 7. Burrell, G. A., and Oberfell, G. G., Composition of the natural gas used in 25 cities: Bur. Mmes Tech. Paper 100, p. 7, 1915. 



After the paraffin hydrocarbons the ohief 
constituents of natural gas are nitrogen and 
carbon dioxide. These substances occur in 
small proportion in most natural gas, but in 
some varieties they are important constituents. 
Oxygen is reported in many analyses, but its 

u See Burrell, G. A., Seibert, F. M., and Robertson, I. W., Analysis 
of natural gas and illuminating gas by fractional distillation at low 
temperatures and pressures: Bur. Mines Tech. Paper 104, 1915. 

M Burrell, G. A., and Oberfell, G. G., Composition of the natural gas 
used in 25 dties: Bur. Mines Tech. Paper 109, p. 11, 1915. 



range in chemical character. Several fairly 
well marked varieties may be distinguished, 
though between them all gradations exist. 
The helium-rich gases, however, belong to a 
distinct chemical type, and in order to under- 
stand the characteristics of this type a study 
of the accompanying analyses, which have been 
selected to illustrate the diflFerent varieties of 
natural gas, will be helpful. 

M Op. Cit., p. II. 
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The table on page 36 indicates that several 
varieties of natural gas can be distinguished, 
as follows : 

A. Pure hydrocarbon type (aDAlyBesl to 4). Meet of the 
Datural gas produced in the United States ia of this type, 
containing 95 per cent or more of paraffin hydrocarbons and 
very minor proportions of carbon dioxide and nitrogen. 
Many subdivisions of the type may be made, however, 
according to the relative proportions of the hydrocarbons, 
conventionally expressed in terms of methane and ethane. 
Analysis 1, showing 9.5 per cent of ethane, represents the 
commonest variety and would not differ greatly from a 
composite analysis of all the natural gas produced in the 
United States. Analysis 2 represents a pure methane gas 
of the tyi>e produced chiefly in eastern Oklahoma and 
northwestern Louisiana. Analyses 3 and 4 presumably 
represent casing-head gases — gases occurring in the same 
sand with oil — and show high proportions of ethane and 
the heavier hydrocarbons. The gas represented by 
analysis 4 probably consists chiefly of ethane and propane, 
and carries butane, pentane, and hexane as well. All gas 
of the pure hydrocarbon type has a high heating value 
and is therefore the most valuable for industrial and 
domestic purposes. 

B. Carbon dioxide t3rpe (analysis 5). Some of the gas 
produced in the California fields is notable for the high pro- 
portion of carbon dioxide it contains. Some California gases 
carry as much as 49 per cent of carbon dioxide, and a great 
many contain 10 or 15 per cent. Gas of the carbon dioxide 
type has naturally a rather low heating value, usually less 
than 900 British thermal units. Swamp gases of recent ori- 
gin are also usuaUy high in carbon dioxide, but true natural 
gas containing noteworthy proportions of this constituent 
occurs almost wholly in California. 

C. Hydrogen sulphide type (analysis 6). Gas carrying 
as much as 2 to 3 per cent of hydrogen sulfdiide has been 
found in a number of localities, though most natural gas 
contains no hydrogen sulphide whatever. For this reason 
the hydrogen sulphide gases warrant recognition as a 
separate t3rpe, even though their characteristic constituent 
is invariably present only in small proportion. 

D. Nitrogen type (analysis 7 and analyses on pp. 38-40). 
Natural gas carrying as much as 85 per cent of nitrogen 
occurs in Kansas, and gas carrying from 10 to 40 per cent 
has been found in Oklahoma, Texas, Ohio, and elsewhere. 
The nitrogen type of gas is of special interest here, for it is 
the only one in which noteworthy proportions of helium 
have been found. The heating value of the nitrogen type 
of gas is naturally low, and gas carrying 85 per cent of 
nitrogen is so nearly incombustible that it is commonly 
called wind gas. 

It is evident that ordinary natural gas may 
be regarded simply as the lightest member of 
the petroleum series — gas, oil, and asphalt — 
and there is abundant evidence to indicate' that 
natural gas, like oil and asphalt, is chiefly a 
product of the decay of organic matter that has 
been buried in the sediments. As there are 
idfferent kinds of organic matter, differing in 



composition, and as the conditions under 
which decay takes place are doubtless also 
variable, many different varieties of petroleum 
are known; and it must be recognized, further- 
more, that petroleum may later undergo chem- 
ical and physical changes which lead to still 
further differentiation. Although the geo- 
chemistry of petroleum has not been exten- 
sively studied, it is the writer's opinion that the 
composition of most petroleum is determined 
chiefly by its geologic relations — that is, by the 
age and degree of deformation of the surround- 
ing rocks and by the chemical character of 
those rocks and of the waters which they con- 
tain." There is more evidence for this thesis 
as applied to oil than as applied to natural gas, 
for gas is relatively simple in composition and 
to a certain extent is the end product of the 
decomposition of oil; yet the composition of 
some gases is obviously controlled by their 
geologic relations. Mucti of the carbon dioxide 
in the California gas, for example, has probably 
been formed by oxidation of the hydrocarbons 
through contact with mineralized waters, 
and the hydrogen sulphide in some gases, at 
least, is formed by the reduction of sulphate 
waters by hydrocarbons.*" 

The nitrogen type of natural gas, is, however, 
difficult to account for.*® The obvious sup- 
position that tl;iLe nitrogen represents the in- 
active residue of air that has been entrapped 
in the sediments is opposed by the fact 
that it contains a much smaller proportion 
of argon than does atmospheric nitrogen. 
The general occurrence of helium in high- 
nitrogen gases also suggests that the origin of 
the nitrogen is in some way related to that of 
the helium. (See pp. 38-40.) Moreover, the 
nitrogen can not well be explained as due to the 
peculiar composition of the organic matter 
from which the gas was derived, for the oil of 
Kansas, Oklahoma, and Ohio is low in nitrogen; 
whereas that of California, where no high- 
nitrogen gases are known, is exceptionally rich 
in the nitrogenous bases. This difference is 
brought out by the analyses of California, Ohio, 
and Kansas oils given in the following table: 

M Rogers, 0. S., The Sunset-Midway oil field, CaliL, Part II, Qeochem- 
Ical relations of the oil, gas, and water: IT. 8. Geol. Survey ProL Paper 
117, 1919. 

>* Idem, pp. 26-29. 

M For a brief diseossion of the origin of nitrogen in natural gas see 
Haworth, Erasmus, and McFarland, D. F., The Dexter, Kans., nitrogen 
gas well: Sdenoe, new ser., vol. 21, p. 191, 1901. 
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Ultimate analyses of petroleum. 





1 


2 


3 


4 


5 


6 


Carbon 


84.17 

12.15 

1.50 

1.25 

.93 


86.51 

11.41 

.74 

.58 

.76 


84.57 

13.62 

.72 

.11 

.98 


85.46 

13.91 

.48 


85.43 

13.07 

.37 


85.63 


Hydrosen 


12.44 


Sulphur 


.37 


Nitrogen 




Undotftrmined 


.15 


1.13 


1.56 








100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



1. Bardsdale, Calif. Mabery, C. F., and Hudson, £. J., On the composition of California petroleum: Am. Acad. Arts and Sci. Froc., vol.96, 
p. 255, 1900. 

2. McKittrick, Calif. Allen, I. C, and Jacobs, W. S., Physical and chemical properties of the petroleums of the San Joaquin VaUe7,GaUll: 
Bur. Mines Bull. 10, p. 28, 1911. 

3. Findlay, Ohio. Mabery, C. F., On the composition of the Ohio and Canadian sulphur petroleumis: Am. Chem. Jour., vol. 17, p. 727, ISOGi 

4. Welker, Ohio. Mabery, C. F^ idem. 

5. Cherryvale, Kans. Bartow, Edward, and McCollum, E. V., Kansas petroleum: Kansas Acad. Sci. Trans., vol. 19, p. 58; 1903. 

6. Humboldt, Kans. Bartow, Edward, and McCollum, E. V., idem. 



COMPOSITION OF HEUnM-BEABINa QAS. 

As stated in the foregoing sections, although 
at least traces of helium occur in most natural 
gas, noteworthy proportions have been foimd 
only in gas of the nitrogen type. The per- 
centage of helium, moreover, seems to depend 
in a measure on the percentage of nitrogen, 
though there is no direct proportionality be- 
tween the two, and the nitrogen-helium ratio 
varies greatly in different gases. On the other 
hand, there are some natural gases high in 
nitrogen which carry only small proportions of 
helium. The chemical characteristics of 
helium-bearing gas are shown by analyses 1 to 
16, on page 39. 

In the course of the present investigation the 
helium content of a large number of gases was 
determined (see pp. 96-109), but only a few com- 
plete analyses were made. Those given in the 
first table(p. 39)were therefore selected from the 
analyses, mostly of Kansas gas, published by 
Cadv and McFarland.** In the second table 
are given a few ordinary analyses of gas from 
other localities, together with determinations 
of the helium content of gas from the same 
source. Samples for the ordinary analysis and 
for the helium determination of the Ohio gases, 
Nos. 23 and 24, were collected simultaneously, 
but the samples for the ordinary analyses of the 
other gases were collected several months or 
years before those for the helium determina- 
tions. As natural gas from the same well 
varies somewhat in composition from day to 
day, the exact ratio between helium and nitro- 
gen in these samples can not be determined 

*i Cady, H. P., and McFarland, D. F., The composition of natural gas, 
with special study of the constituents ot Kansas gases: Kansas Univ. 
Oeol. Survey, vol. 9, pp. 228-302, 1908. 



from the data given, though the ratios indi- 
cated are undoubtedly approximately correct. 

More extensive data regarding the ratio of 
helium to nitrogen are given in figure? (p 40), 
which is based on all the analyses given by Cady 
and McFarland and on a few composite determi- 
nations similar to those in the accompanying 
table. As such determinations do not furnish 
data for computing the exact ratio they are 
plotted in the diagram as large open circles, 
whereas complete analyses on one sample are 
plotted as small dots. 

The diagram biings out the wide variation in 
the ratio of helium to nitrogen in different gases 
but indicates that the average gas containing 
10 per cent of nitrogen carries about 0.3 per 
cent of helium and that no gas containing 10 
per cent of nitrogen is likely to carry more than 
0.5 per cent of helium. Exceptions to this rule 
may be found, but the principle is believed to 
be sufficiently well founded to warrant the use 
of the nitrogen determination as a guide to the 
detection of helium-bearing gas; and in the 
writer's investigation of the distribution of 
helium a large number of ordinary analyses 
were collected and were used to supplement 
the data afforded by the direct tests for helium. 
Moreover, nitrogen is the chief factor in lower- 
ing the heating value of the Mid-Continent 
gases, and as general information concerning 
the heating value of a gas is usually not difficult 
to obtain, the rule that gases low in nitrogen 
are poor in helium is of great practical aid in 
locating the helium-rich varieties. 

It should be noted, however, that gases low 
in heating value are not necessarily rich in 
helium. In the first place, low heating value 
may be due, as in California gas, to a high pe^ 
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Anaiyms ofheikmirhearmg luxturdl gas* 
(By Oady and McFtelaad.] 



Methane (CHJ 



Ethane (< 

Olefines (C A, «tc.) . 

Carbon dioxide (CO,) 



Oxygen (O^ 
Nitrogen (N,) 
Helium (He). 



14.85 
.41 



.00 

.20 

82.70 

L84 



100.00 



5L80 
.00 
.00 
.20 
.10 

46.40 
1.50 



100.00 



3 



82.25 
.00 
.12 
.61 

Trace. 

16.40 
.616 



99.996 



T 



78.60 

7.71 

.55 

.15 

.30 

12.13 
.56 



100.00 



74.10 
.00 



.54 

.00 

24.85 

.51 



100.00 



6 



8L40 
.00 
.00 
.92 
Trace. 
17.22 
.46 



100.00 



84.40 
.00 
.10 
.00 
Trace. 
15.10 
.40 



100.00 



8 



88.60 
.00 
.00 
.62 
.31 

10.20 
.27 



100.00 



Methane (CH.) 

Ethane (CJB-) 

Olefines (CA, etc.). 
Carbon dioxide (CO,) 
Oxygen (O^) 

Nitrogen (Nj) 

Helium (He) 



79.10 

7.44 

.77 

.00 

.00 

12.44 
.25 



100.00 



10 



94.50 
.00 
.00 
.00 
.23 
5.08 
.183 



99.993 



11 



94.30 
.75 
.00 
1.94 
.24 
2.60 
.17 



12 



81.10 
11.95 
.10 
.10 
.20 
6.39 
.159 



100.00 



99.999 



13 



92.40 
.00 
.10 
.81 
.15 
6.43 
.08 



99.97 



14 



77.40 
14,18 
.86 
.73 
.00 
6.66 
.167 



99.997 



15 



88.10 
7.37 
.65 
.24 
.00 
3.60 
.09 



IG 



86.50 

.00 

.29 

1.35 

.00 

11.86 

Trace. 



o 100. 00 



100.00 



a Includes 0.25 per cent reported as hydrogen. 

1. Dexter, Cowley County, Kans. Gas from 310-foot well suppl3ring town. Collected in 1906. 

2. Eureka, Greenwood County, Kans. Gas Xrom wells drillea m northeast corner of town and furnishing town supply. Average depth of 
w«Ua 375 feet. Collected October 25, 1906. 

3. ftvdonla, Wilson County, Kans. Plpe>Une sample of gas used in Fredonia and ftimisbed by wells 1,085 to 1,250 feet deep, 2 to 7 miles east, 
Boath, and northwest of town. 

4. Elmdikle. Chase County, Kans. Gas from wells about 150 feet deep. Collected October 6, 1906. 

5. MoUne, Elk County, Kans. Gas from wells about 1.150 feet deep south, east, and west of Mdine. Collected June 24, 1906. 

6. Lawrence, Douglas County, Kans. Sample of small flow of gas escaping from abandoned well about 1 ,200 fpet deep. Collected July 4,1908. 

7. Olathc. J<mnson County, Kans. Sample of gas supplied to town and derived from wells near Bprix^ Hill, about 10 mfles to the south. 
Average depth of wells 5S0 feet. Collected August 2, 1900. 

8. JSudora, Douglas County, Kans. Gas from wells about 350 feet deep. 

9. Augusta. Butler Coimty, Kans. Gas from wells averaging 1,440 feet in depth. Sampled August 4, 1906. 

10. loia, Allen County. Kans. Sample of gas supplied to town of lola and derived from wells near by. Sampled June 10, 1906. 

U. Pipe-line sample of gas supplied to town of Lawrence, Kans., and derived chiefly from fields in Allen and Neosho cotmtios. Collected 
December 12, 1906. 

12. Arkansas City, Cowley County, Kans. Gas from well 750 feet deep. 

13. Caney, Montgamory County, Kans. Gas firom well 1,55Q feet deep, 2 miles east of C^ney. Cxdiected July 14, 1906. 

14. ICarion, Grant County, Ind. Sample received August 25, 1906. 

15. Moreantown, Mononeuia County, w. Va. Sample from well about 1,800 feet deep, 10 miles west of Morgantown. Producing sand prob- 
ably Big Injun. Sampleil August 18, 1906. 

16. rierre, Hughes County, S. Dak. Gas from shallow wells. 

Analyses of helium-bearing natural gas, 
[Eudlometrie analyses by various chemists; helium later determined on different samples from same source by C. W. Selbel.] 





17 


18 


10 


ao 


21 


ti 


23 


24 


Methane (CH.) 


10.54 

1.64 

.00 

.13 

.00 

87.69 


38.94 

4.80 

.00 

.24 

.32 

55.70 


50.6 
10.9 


49.08 

3.89 

.00 

.40 

.00 

46.67 


30.33 

26.69 

.00 

.49 

.00 

42.51 


57.89 

16.89 

.00 

.24 

.00 

24.97 


77.3 
7.6 


86.1 


Ethane (O9RJ 


4.6 


Higher h yaiocarbone (CjHg, etc.) 

Carfoon dioxide (C0«) 




.1 

.0 

38.4 


.0 
.0 

15.1 


.0 


Oxygen (Oo) 


.0 


Residiie (nitrogen, helium, etc.) 


9.6 


Helium (He) 


100.00 
2.13 


100.00 
1.94 


100.00 
.945 


100.00 
.94 


100.02 
.39 


99.99 
.27 


100.00 
.43 


100.3 
.40 







17. Augusta field, Butler County, Kans. "Wind gas'' occurring at depth of 400 to 600 feet. Analysis by II. C. Allen, University of Kansas. 

18. Se^n district, Chautauqua County, Kans. Gas from Flenung 6c Wadsworth well, sec. 27, T. 33 S., R. 11 £. Depth 375 feet. Analysis 
by H. C. AUen. 

19. Petrolia field. Clay County, Tex. Pipe-line gas. Analysis by Bureau of Mines on sample collected in October, 1914; helium determined 
OD sample collected m November, 1917. 

20. Sedan district. Rogers pool, Chautauqua County, Kans. Gas from T. E. Barr well 1, sec. 36, T. 33 S., R. 10 £. Depth about 690 feet. 
Analysis by H. C. Allen. 

21. Billings field, Noble County, Okla. Gas from £. N. Gillespie gas well, sec. 21, T. 23 N., R. 2 W. Depth of sand 1,036 feet. Analysis by 
Empire Gas & Fuel Co. 

22. Morrison field. Pawnee County, Okla. Gas from Miller well 1. Analysis by Empire Gas & Fuel Co. 

23. Vinton County field, Ohio. Gas trom Ohio Fuel Supply Co.'s well 1991, sec. 1, T. 9 N., R. 18 W. Gas from Clinton sand at 2,498 feet. 
Aimlysis by Bureau of Mines. 

24. Vinton County field, Ohio. Gas from Ohio Fuel Supply Co.'s well 634, sec. 1, T. 8 N., R. 18 W. Gas from Berea sand at 660 feet. 
Analysis by Bureau of Mines. 
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centage of carbon dioxide. Secondly, even if it 
is due to nitrogen a high percentage of nitrogen 
does not necessarily indicate a gas rich in 
helium. Some of the northern Oklahoma gases 
carry from 20 to 40 per cent of nitrogen and only 



lower ratios are in the gases of central Kansas 
fields, which lie near the north end of the 
area. It seems, however, that the gases in 
which the ratio is unusually low are rather 
poor in both helium and nitrogen. 



ZJOO 
1.90 
1.60 
1.70 
f.60 
1.50^ 

2 ^A0 

2 1.30 

UJ 

X 1.20 

It. 

O 1.10 

UJ 

O IjOO 

< 



z 



.90 
.80 
.70 
J60 
.50 
.40 
.30 
.20 
.10 
O 



10 



15 20 25 



30 35 40 45 50 55 60 
PERCENTAGE OF NITROGEN 



65 70 75 80 j55 90 



FiouBS 7.— Diagram showing relation of helium to nitrogen in fiO samples of natural gas. Points based on complete analyses of one sample 
indicated by dots; points based on determinations of helium in one sample and of nitrogen in another indicated by open circles. 



0.2 to 0.4 per cent of heiiimi. The range in the 
ratio of nitrogen to helimn in a few typical 
gases is shown in the following table: 

Ratios of nitrogen to helium in natural gas. 



Field. 



Morrison, Okla 

Ponca City, Okla. . . . 

BmiBg8.0kla 

Loco, Okla 

Otto, Kans 

Dexter, KanB 

Augusta, Kans 

Vinton County, Ohio 

Sedan, Kans 

Fredonia, Kans 

Vinton County, Ohio 

Elmdale, Kans 

New AlbEUiy, Kans. . 



Nitro- 

gen(N,) 

(per 

cent). 


HeUom 

(He) 

cent). 


25.0 


0.22 


40.1 


.36 


42.5 


.39 


16.2 


.17 


57.8 


1.04 


82.7 


1.84 


88.0 


2.00 


15.1 


.43 


55.7 


1.94 


16.4 


.62 


9.6 


.40 


12.1 


.56 


9.8 


.49 



Ratio 
NsHe. 



114 
111 
109 
95 
55 
45 
44 
35 
29 
26 
24 
22 
20 



It is conspicuous that the highest ratios are 
found in northern Oklahoma, in gases such as 
those of the Ponca City, Billings, Morrison, 
Pearson, and Myers fields, aU of which lie near 
the southern extremity of the rich helium- 
bearing area. On the other hand, some of the 



DETXSMINATION OF HBIJUM IN NATURAL GAS. 
DXVBLOPMEHT OF METHODS. 

Identification of the presence of helium in 
most gaseous mixtures is accomplished with- 
out great difficulty by means of the spectro- 
scope, provided the proportion of helium 
present is not too small. The precise quanti- 
tative determination of the helium, however, 
requires its separation from the other gases 
composing the mixture, and this is a more 
difficult matter. Carbon dioxide, oxygen, and 
the hydrocarbons are easily eliminated, but 
special methods are necessary for the removal 
of nitrogen and the inert gases. 

Ramsay in his early researches on helium 
removed the nitrogen by sparking, which is a 
slow and tedious process. Sparking under 
various conditions was at first used by other 
investigators, but Dewar's discovery that nitro- 
gen is absorbed by charcoal cooled with liquid 
air, whereas helium is not, has served to facili- 
tate greatly the separation of the two elements. 
Dewar^s principle is now generally used by 
most English and American investigators, 
although some French scientists prefer the 
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more laborious chemical methods of removing 
nitrogen. 

Cady and McFarland in their original 
research on helium in natural gas adopted 
Dewar's principle to remove nitrogen and all 
the other common constituents of the gas and 
constructed an apparatus in which the whole 
operation could be efficiently conducted. 
Essentially the same method, with a similar 
apparatus, was used by Prof. Cady at the 
outset of the Grovemment^s investigation and 
also by C. W. Seibel in his continuation of the 
work. The method is one of unusual interest 
because of the short time required for accurate 
determinations, and Mr. Seibel, who analyzed 
most of the samples discussed in this report, 
has courteously furnished the following 
description of it: 

APPA&ATirS AHD MZTHOD OF PROCZDXrBZ. 

By C. W. SxiBBL. 

The appaiatuB used in the quantitative detennination 
of helium from either natural gaa or concentrates was 
eaaentially the same as that employed by Cady and 
McFarland in their earlier work."' It is not so well Imown, 
however, as to preclude description here. The method of 
analysis also was similar to that of the original work, but 
modifications have been added from time to time, by 
Dr. Cady and his coworkers, and these have been included 
in the following account. 

The apparatus, which is shown in Plate IV, is coi^posed 
of the following parts: F is an automatic single-fall Spren- 
gel vacuum pump, of the ordinary 4-tube type. The 
tubes are about 83 centimeters long and 6 millimeters in 
outer diameter except the capillary fall tube, which is a 
heavy capillary tube 1) millimeters in inner diameter 
and 110 centimeters long and the free end of which is 
bent upward so as to deliver into the collecting bulb j. 
This bulb is of 50 cubic centimeters capacity and has a 
capillary stopcock on the top. The bulb 47 is an air trap, 
the top of which is sealed after t^e pump is filled with 
mercury. The four pump tubes are joined together at 
the bottom with heavy-walled stethoscope tubing. Screw 
clamps here serve very well to regulate the speed of the 
pump. The mercury is pumped from the main reservoir 
m to the pump supply reservoir h through h and k^ by 
means of an auxiliary Nelson vacuum pump u, attached 
to the supply reservoir at t. A few iron wires inserted 
into the end of the suction pipe at h cause alternate slugs 
of mercury and air to be drawn up h and ik, and into h. 
By means of a cork float to which h is fastened, any level 
of mercury desired can be maintained in the supply 
reservoir. I is the mercury overflow outlet of the supply 
reservoir, the excess mercury flowing down the tube 
which dips below the mercury in trap 2,. This trap 
prevents the loss of the vacuum m h, d and e are mer- 
cury and water vapor traps and, being of small tubing, 
are so arranged that they go into one Dewar tube, which 



• Am. Cbem. 80c. 7oar.» vol. 29, p. 1523, 1907. 



affords considerable saving in liquid air and space. Dur- 
ing the analysis these tubes are immersed in liquid air 
and serve to prevent water vapor or mercury vapor from 
entering the spectmm tube. The spectrum tube c is bo 
constructed that the light for the spectroscope may be 
taken either from the end of the capillary or along it. 
It is excited by a 6- volt spark coil giving a spark of about 
1 centimeter in air. The gas, having stood over charcoal 
at the temperature of liquid air and passing through this 
tube excited by the Bi)ark coil, emits a glow which when 
viewed through the spectroscope tells at a glance whether 
or not the gas is pure or contaminated with nitrogen. 
Any appreciable amount of nitrogen can be told by the 
color of the tube alone, for nitrogen will cause the spec- 
tral tube to give a purplish glow, while pure helium 
unless at very low pressure is yellow. The bulbs 61, (3, 
and 6g are made of glass carefully annealed. They con- 
tain about 20 grams of coconut charcoal each, with plugs 
of glass wool at either end, and are of such dimensions 
that they will easily fit in 40 by 200 millimeter Dewar 
tubes. They are connected with one another by being 
sealed in such a manner as to make one continuous train. 
Three-way glass stopcocks are inserted in the train in 
such wise that tubes 6, and 6, may be used in series, and 
6g may be in series with the other two or by-passed at 
will. These stopcocks are also arranged in such a manner 
that the three charcoal tubes can be conveniently ex- 
hausted by the auxiliary pump, a, is a glass liquetiu:tion 
bulb of 40-cubic centimeter capacity with a mercury 
manometer, Oj, attached. By means of this manometer 
the pressure in Og can be determined at any time. The 
liquefaction bulb is so constructed that the gas must go 
nearly to the bottom of the tube before it can get into 
the connecting tube between a, and 6|. The curlicues 
inserted into different parts of the apparatus serve as 
expansion joints. The two tubulated bottles p and q are 
used for measuring gas samples and are of 2-liter capacity. 
They are so arranged that p can be filled with water 
which has been saturated with helium, and then the 
water displaced by natural gas, the water going into q 
and vice versa. After the bottles are leveled up a pinch 
clamp on the connecttag tube between the two serves 
to maintain atmospheric pressure in p, and a pinch clamp 
on the inlet tube to prevent the escape of gas while 
weighing, etc. o is a solution balance for weighing p 
and should have a sensibility of 1 gram, v is a cylinder 
for collecting samples from the field, n is an electric 
heater for heating the charcoal bulbs while they are being 
exhausted, u is a Nelson two-stage vacuum pump for 
exhausting the charcoal bulbs while being heated, and 
for use as an auxiliary vacuum pimip to lift the mercury 
into the supply reservoir h. The switches r, «, and t 
control the spark coil for the spectrum tube, motor for 
vacuum pump, and heater, respectively. 

The apparatus is first evacuated— the charcoal bulbs by 
the Nelson pump and the spectrum tube and traps by the 
mercury pump to a black vacuum. The charcoal bulbs 
are heated to 200^ C. and the evacuation is continued for 
about 20 minutes. After being allowed to cool, the char- 
coal bulbs, liquefaction bulb, and water and mercury 
vapor trap are immersed in liquid air, which is contained 
in silvered Dewar tubes. While the charcoal bulbs are 
cooling, the gas, which is held in the sampling cylinder 
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under a preflBure of oevend poundfl, is forced into the tiibu* 
lated measuring flaek. A pinch clamp is put on tl&e end 
of the inlet tube, the bottles are leveled, a pinch clamp is 
placed on the connecting tii]>e, and the flask p is weighed 
on the solution balance. A portion of this gas, approxi- 
mately 1 liter, is then allowed to flow from the bottle 
through the rubber tube to the evacuated space of the 
liquefaction bulb, the flow being controlled by stopcock 
Oi, and the rate of inlet being determined by the action of 
the manometer. At the temperature of liquid air the 
hydrocarbons are liquefied, and the pressiue on the mano- 
meter adjoining indicates whether or not the gas is of high 
nitrogen content. If the nitrogen content is high the 
manometer will indicate considerable pressure within the 
tube, which can be due only to unliquefied nitrogen or 
helium, though of c-ourse a small amount of it is always due 
to the partial pressure of methane and other hydrocarbons. 
The unliquefied portion, consisting of nitrogen, helium, 
and some of the hydrocarbons, is admitted, in small 
amounts, to the first charcoal bulb, which of course is 
under a very high vacuum, and then to the second. This 
procedure is repeated until the manometer will rise no 
farther, indicating that all the helium and nitrogen and 
some methane have gone into the charcoal bulb and that 
the pressure in the liquefaction bulb is due only to methane 
and the higher hydrocarbons. The gas is allowed to stand 
in the charcoal bulbs for about three minutes, and then 
communication is made between the charcoal bulb, the 
spectrum tube, and the pump. The gas not adsorbed by 
the charcoal is pumped off and delivered into the collect- 
ing tube j. As coconut charcoal at the temperature of 
liquid air will absorb relati/ely large volumes of all gases 
except helium, neon, and hydrogen, and as neon and 
hydrogen do not occur in troublesome quantities, the gas 
delivered by the pump should be pure helium. However, 
to avoid danger of the charcoal bulbs becoming super- 
saturated with nitrogen or the possibility of an air leak 
developing, so that nitrogen would be pumped of! with 
the helium, constant watch is kept of the spectrum tube by 
means of a spectroscope, small amounts of nitrogen being 
very easily detected in this way. If nitrogen appears early 
enough, the pump is stopped, the third charcoal bulb, 6^, 
is put into communication with the pump, and the nitro- 
gen difTuses back into it, and then by pumping the helium, 
which is in &i and 63, through 6^, a satisfactory determina- 
tion can often be obtained without having to repeat the 
entire experiment. 

If the spectroscope indicates nothing but helium, the 
pumping is continued until the spectrum tube shows 
cathode rays or goes out. The gas which has been collected 
in j at the bottom of the merciury pump is transferred to a 
small Ilempel burette, and its volume is determined. 
^Vfter the tubulated flasks are releveled, the one contain- 
ing gas is again weighed. The difference in weight, in 
grams, of the flask as first weighed full of gas and after part 
of the gas has been used and has been displaced with 
water gives the volume of gas used in cubic centimetere. 
If care is taken to see that the bottles are carefully leveled 
and stand always in the same relative position while being 
weighed, the necessary accuracy in measuring the volume 
of the natural-gas sample used may be easily obtained. 
All volumes are reduced to standard condition and the 
percentage of helium is calculated. 



This method, though somewhat long, taking on an aver- 
age of about 1} hours for a determination, in the hands of 
one who is familiar with it gives surprisingly good results, 
repeated checks within 0.02 per cent being easily obtained. 

For a satisfactory apparatus a good deal depends on the 
stopcocks used and the lubricant employed. A stopcock 
should be of the best quality obtainable, and the best 
lubricant has been fpund to be that as given in Ramsay 
and Travers 's book ' * Experimental study of gases,' ' namely, 
two parts of pure rubber clippings to one part of vaseline 
and one^eighth part of hard paiaflin wax heated until a 
homogeneous mixture is obtained. A good stopcock, 
when properly lubricated, will appear perfectly dear, 
showing no rings or air bells whatever. 

The writer wishes to take this opportunity to express 
his appreciation for the help and ad^'ice afforded him by 
Dr. H. P. Cady, under whose personal direction the early 
part of the work was performed, and by Dr. R. B. Moore, 
at Fort Worth, during the later part of the work; also for 
the assistance of Messrs. il. M. Eastman and J. B. Ramsay, 
who analyzed some of the samples toward the end of the 
field work, and to Miss Emily V. Burger, of the University 
of Kansas, who analyzed 13 samples while the writer was 
on a trip to the Fort Worth plants. 

OCCURRENCE OF HELIUM IN MINERALS AND IN 

OTHER GASES. 

QENSSAL DISTRIBUTION OF HEUUM. 

Although helium was discoyered on the earth 
only 25 years ago and for some time thereafter 
was regarded as one of the rare elements, it is 
now known to be widely distributed through 
the earth 's crust. As already described, helium 
was discovered on the earth in the gas given 
oflf by uraninitey and the researches of Strutt 
and others have shown that a great variety of 
other minerals and rocks contain helium in 
small proportions. Only a few months after 
its discovery helium was found to be a con- 
stituent of the atmosphere and of the gas given 
off by a mineral spring, and it has since been 
fpund to occur in the gases emitted by a great 
many other springs. Helium has been found 
also in mine gases and in volcanic gases, as well 
as in natural gas. 

The discovery in 1903 of the fact that helium 
is a product of the decay of the radio-elements, 
which were known to be widely disseminated, 
fmnished to most observers an adequate 
explanation of the occurrence of helium in so 
many natural substances. There is no doubt 
that the minute proportions of helium foimd in 
most minerals may be accounted for in this 
way, but the great volumes found in natural 
gas are more difficult to explain. Before dis- 
cussing the origin of helium in natural gas it 
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will therefore be desirable to review the occur- 
rences of helium in minerals and in other gases. 

HEUUM IN MINXBALS AND BOCKS. 

KZLnnc oovTxirT of miwkralb. 

The discovery of helium in uraninite natur- 
ally led to a search for it in other minerals, with 
the residt that only a year or so after the ele- 
ment itself was discovered a number of min- 
erals were found to be helium bearing. When 
the relations of helium to the radio-elements be- 
came known; a great many iQore minerals were 
tested, the amoimts of helium and of radium 
and thorium in each being determined quanti- 
tatively; so that extensive data on the distri- 
bution of helium in minerals are now available. 
A very great majority of all the minerals tested 
have proved to contain at least traces of helium, 
the proportion varying in general with the 
proportions of the radio-elements. Some min- 
erals that contain no radioactive substances, 
however, have been found to contain helium in 
considerable quantities. 

The first observations on the occurrence of 
helium in minerals were made by Ramsay and 
Travers'^ in 1897. They found that the rare- 
earth minerals fergusonite, monazite, samars- 
kite, columbite, pitchblende, and malacone 
contain helium *'up to 1.5 cubic centimeters 
per gram.'' The malacone contains argon as 
well.** Specimens of cinnabar, cryolite, apa- 
tite, barite, scapolite, and cobalt ore gave no 
helium or argon. Five meteorites were tested 
with negative results, but the meteorite from 
Augusta County, Va., proved to contain 
helium. 

Chamberlin,* in connection with his studies 
of the gases in rocks, determined the composi- 
tion of the gases given off by heating pitch- 
blende and camotite in a vacuum as follows: 

■ Ramsay, William, and Travcrs, M. W., The gaseous constituents of 
certain mineral substances and waters: Roy. Soc. London Proc., vol. 
eo, p. 442, 1807. 

** Kltchln, E. S., and Wintexaon, W. Q., Malacone, a silicate of zir- 
conium containing argon and helium: Chem. Soc. Joor., vol. 80, p. 1568, 
1906. 

* Chamberlin, R. T., The gases in rocks: Carnegie Inst. Washington 
Pab. 106, p. 20, 1908. 



CcmpOBUUm </ the goMes extracUd from pitchblende and 

ccamotitei 

[Volumes per unit volume of rook.] 



Pitch- 
blende, 
Beaver 
County, 

Colo. 



Camotite, 
Colorado. 



Carbon dioxide. . . 
Carbon monoxide. 

Methane 

Hydrogen 

Nitrogen 

Helium 





2.46 


0.24 


.23 


.03 


.02 


.07 


.05 


.27 


.22 


.37 


.04 


.98 


3.02 



By far the most extensive a^id systematic 
investigation has been made by R. J. Strutt, 
who determined the helium and the radium 
and thorium content of a great variety of rare 
and common minerals. In his earlier experi- 
ments Strutt extracted the helium by heating 
a considerable quantity of the powdered mineral 
to redness and purifying the gas thus obtained 
first by sparking and finally by absorption m 
cooled charcoal. The extraction of heliiun by 
the use of red heat is by no means complete, 
the helium extracted being probably only 
about half that which the mineral contains. 
The table on page 44 shows the helium content 
of some of the min^rdls examined by Strutt" 
and also the value of uranium oxide as calcu- 
lated from the radium content. 

In discussing his results Strutt pointed out 
that as helium is generated by the decay of 
uranium, the ratio of helium to uranium 
should be of the same order in all minerals, 
though greater in ancient minerab than in re- 
cent ones. In order to test this hypothesis, 
Strutt next examined groups of similar min- 
erals from different geologic horizons. In this 
investigation the crude method of extracting 
the helium by heat was abandoned, and a method 
of fusion and solution, which permitted com- 
plete extraction of helium, was used. Thorium 



* strutt, R. J., Helium and radloactiTlty in rare and oommon minerals: 
Roy. Soc. London Proc, ser. A, voL 80, p. 672, 1908; The accumulatian 
of helium in geologic tima: Idem, voL 81, p. 272, 1906; vol. 83, p. 06, 1900; 
vol. 84, p. 194, 1910. 
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Helium (xmteni of certain mineraU. 
(Helitun extracted by heat, exoept as otlMnrlse noted.] 



Mineral. 



Rare-earth minerals: 

Pitchblende « 

Samarskite o 

Cyrtolite « 

SipiUteo 

Euxenite-« 

Eudialite 

Gadolinite 

Keilhauite 

Niobite 

Apatite 

Cerite 

Fluorite 

Ore minerals and-^native elements: 

Galena 

Cinnabar 

Bomite 

Stibnite 

Sphalerite 

Tin pyrites 

Iron (meteoric) 

Graphite..., 

Hematite 

Hematite & 

Hematite & 

Limonite & 

Cassiterite 

Wolframite 

Vanadinite 

Miscellaneous: 

Barite 

Celestite 

Calcite 

Quartz ^ 

Flint (from dialk) 

Gamierite 

Beryl c 

Beryl 

Phosphatized shark teeth & 

Phosphatic nodules & 

Phosphatic limestone & 



Locality. 



Joachimsthal, Austria 

North Carolina 

Llano County, Tex 

Little Friar Mountain, Va 

Arendal, Norway , 

Greenland 

Hitteroe, Norway 

Alve, Norway 

Haddam, Conn 

Canada 

Bastnaes, Sweden 

Ivigtut, Greenland 

Nenthead, Cumberland, England 

Almaden, Spain 

Cornwall, England 

New South Wales 

Wrexham, Denbigh, Wales 

Cornwall, England 

Meteorite of Augusta County, Ya 

Bonodaile, Cumberland, England 

Cumberland, England 

Frizington , Cumberland , England 

County Antrim, Ireland 

Forest of Dean, Gloucestershire, England 

St. Austell, Cornwall, England 

lllogan, Cornwall, England 

Dumfries, Scotland 

St. Bees, Cumberland, England 

Zate, Gloucestershire, England 

Cumberland, En^and 

Ilfracombe, Devonshire, England 

Brandon, Norfolk, England 

Oregon 

Acworth, N. H 

Chester, Pa 

Florida 

Potton, Bedfordshire, England 

Chirbury, Shropshire, England 



Heliom (cabic 


UiOs(gnma 


millimeters 


per 


per gram). 


100 grams). 


107 


73.5 


1,500 


10.3 


1,150 


3.67 


590 


2.86 


730 


2.84 


L46 


3. 9 XlO-« 


10.6 


4.2 X10-' 


16.3 


L4 X10-' 


3.00 


3.0 XlO-» 


Lie 


4.5 XlO-» 


L26 


9. 3 X10-* 


27.00 


4.9 XlO-^ 


.0007 


9.0 XlO-» 


.0 




.12 


3.2 Xl(>"* 


.007 


L3 XlO^ 


.0007 


7.0 X10-* 


.0046 


3.1 X10-* 


<.0016 


7.8 X10-* 


.04 


LI XlO-» 


.07 


L 57X10-* 


.16 


L 28X10-' 


.012 


2. 64X10-* 


.15 


10.3 XIO^ 


.04 


3.9 XlO-» 


Lie 

.0 


L06X1<^' 


.0008 


4.4 XIO"* 


.0004 


2. e xio-^ 


<.0006 


2.2 Xl(^ 


.0012 


2. 31X10^ 


.0002 


L33X1(^* 


.0027 




12.8 


L4 XIO^ 


6.69 


2.2 Xl(^* 


.0017 


2.48X10-" 


.021 


6.83X10-* 


.056 


7. 90X10^ 



o Method of extracting helium not stated. 
b Helium extracted by dissolving mineral. 
c Helium extracted by fusion and solution. 



was also determined, so as to permit calcula- 
tion of the ratio between helium and both the 
elements that generate it. In the table on 
page 45 the figures under the heading * 'Total 
equivalent UjOg'' are obtained by adding the 
quantity of UsOg and 0.203 times the quantity 
of ThOj, the assumption being that 1 gram of 
ThO, is equivalent to 0.203 gram of UjOg, so 
far as helium generation is concerned, and the 
helium ratio is obtained by dividing the 
helium in cubic centimeters per gram by the 
total equivalent uranium oxide. 

Reserving for discussion below the significance 
of the helium ratio as an indication of the age 
of minerals, we may note here that a great 
variety of minerals contain helium and that in 



general its presence appears to be explained 
by the presence of uranium or thorium. The 
proportion of helium is therefore not charac- 
teristic of any mineral species but is generally 
very diflferent in different specimens .•' In 
pitchblende, however, the quantity of helium 
is generally very low in proportion to that of 
uraniimi, the ratio in the JoaChunsthal variety 
being only 0.146, and on the other hand there 
are certain minerals in which the quantity of 
helium is far greater than can be explained by 
the uranium or thorium present. The beryls, 
for example, are generally very rich in helium 

« Piutti, A., Bur les minfiraux nonndioaetifB contenant de l*h61iam: 
Le Radium, voL 7, pp. 146, 178, 1910. Debieme, A., Expfirienoes divenes 
sur la production de rbfilium: Annalee pbya., voL 3, pw 478» 1014. 
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and very poor in the radio-elementB, the ratio 
in the Acworth beryl being 9,140. Piutti 
examined 26 beryls and other glucinum-bearing 
minerals that contained no uranium or thorium 
and found helium in varying quantities in all 
of them.** 



In this connection it may be noted that 
Valentiner^^ examined blue rock salt and 
reported 0.13 cubic centimeter of helium per 1 00 
grams, as compared with Strutt's figure of 
0.0233 cubic centimeter per 100 grams in the 
ordinary variety. 



Helium, ttraniumf and thorium content oftirconj sphene, and thortanUe.^^ 



Uinanl. 



Zircon. 
Do, 

Do, 
Do. 



Do.... 

Do.... 

Sphene.... 

Do..-. 



Do.... 
Do.... 
Do.... 
Do.... 
Thoriiinite. 
Do.... 



Geolocilo age. 



Tertiary. 
do... 



Paleozoic . 
....do.... 



Ancient., 
Archean. 

» • • • • VK w m • 

do.. 



.do. 
.do. 
.do. 
do, 
.do. 
.do. 



LonUty. 



VesuviuB 

Expailly, Auveigne, 
France. 

Green River, N. C 

Kimberley, South 
Airica. 

Cevlon 

Sebaatopol, Ontario 

Cold Spring, N. Y 

Renfrew County, On- 
tario. 

do 



Twederstrand, Norway. 

do 

Arendal, Norway 

Ceylon 

do 



HftUuin (cubic 

oentlnietor 

X10-«). 



<0.4 
2.12 

225.0 

s2ao 

283.0 

114.0 

101.0 

94.8 

176.0 

33.6 

45.4 

123.0 

93, 000. 

78, 000. 



U,Oi 

(grams X 

1(^<). 



38.0 
3.72 

12.9 
10.8 

10.1 
1.83 
1.87 
4.30 

1.72 

.772 
.921 
2.46 
2,450.0 
1, 310. 



nor mineral. 






ToUI 


ThO, 


equivalent 


(grama X 


u,o. 


10-«). 


(grams X 




10-«). 






0.0 


3.72 


30.1 


19.0 


1.32 


11.1 


4.0 


10.9 


.92 


2.02 


4.23 


2.73 


1.98 


4.70 


4.82 


2.70 


4.73 


1.73 


.920 


1.11 


4.34 


3.34 


6,544.0 


3, 780. 


7, 266. 


2, 786. 



Helium 
ratio. 



<0.01 
.57 

13.4 
29.2 

26.0 
56.6 
37.0 
20.2 

65.0 
19.4 
40.8 
36.8 
24.6 
27.9 



• Stnitt, R. J.. The aocomulation of helium in geological time: Roy. Boc. Londcn Proc., ser. A, vol. 83, p. 208, 1009; vol. 84, p. 194, 1010. 



Another group of helium-bearing minerals 
that are poor in radioactive substances are the 
potash salts. Potassium is indeed radioactive 
itself, but so far as known it emits no alpha 
rays and therefore does not generate helium.** 
Strutt '" examined a number of the Stassfurt 
potash minerals and found abnormally large 
quantities of helium in some and very small 
quantities in others. His quantitative results 
are given in the following table: 

Helium content of some Stassfurt salts. 



Halite (NaCl) 

Svlvite(KCl) 

CarnaUite (KMj|C1^6HjO). 
Kieserite {MgS04.HaO) . . . 



Helium 
(cubic mil- 
limeters 
per 100 
grams). 



0.0233 
.55 
.151 
.0179 



UiOfl (grams 
per 100 grams). 



7.1 X10-« 
2.15X10^ 
3.23X10-^ 
6.47X10^ 



Helium 
(cubic cen- 
timeters 
per gram 
U,Os). 



3.3 

256.0 

47.0 

.277 



• Plttttl, A., L'elio noi mineral! di glucinlo: R. Aocad. Lincel Atti, 
voL 22, pt. 1, pp. 140, 671, 1913. 

• Campbell, Nonnan, The beta rays from potassium: Cambridge 
Philos. Soe. Froc, vol. 14, pt. 2, p. 211, 1907. 

^ Strutt, R. J., On helium in saline minerals, and its probable conneo- 
tion with potaesinm: Roy. Soc London Froc., ser. A, vol. 81, p. 278, 1908. 



ESLnm COVTSKT OF BOCKS. 

Comparatively few determinations of the 
helium content of rocks have been made, and 
most of the minerals examined for helium are 
not important as rock-forming varieties. Ram- 
say and Travels/' in their early research on the 
distribution of helium, examined gneiss, lava 
from Iceland, serpentine, and blue clay from 
Kimberley, South Africa, with negative results. 
Gautier, in his classic investigation of the com- 
position of gases in rocks,'' reports that helium 
was never found except in spectroscopic 
traces, though the gases of many rocks are 
rich in nitrogen and in argon. Strutt, how- 
ever, examined four igneous rocks and found 
the proportions of helium, argon, and uranium 
oxide shown in the table on page 46.'* 

nvalentiner, Siegtried, Heliumgehalt im blauen Steinsalz: Kali, 
VOL 6, pp. 1-3, 1912. 

n Ramsay, William, and Travers, M. W., The gaseous constituents of 
certain mineral substances and waters: Proc. Roy. Boo. London, vols 
60, p. 442, 1897. 

n Oautier, A., Produits gaseoz ddgagte par la chaleur de quelque- 
roches igndes: Compt. Rend., vol. 132, p. 58, 1901; Sur I'existenoe d'aso 
tures, argonures, ar86nluies et lodorea dans les roehes cristalliniennes 
Idem, p. 932. 

^* Strutt, R. J., Helium and radioactivity in rare and common miner- 
als: Roy. Soc. London Proc, eer. A, vol. 80, p. 686, 1908. 
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Helium, argons and uranium oxide in igneous rocks. 



Rook. 



LocaUty. 



Granite... 
Diorite. . . 
Phonolite 
Basalt.... 



Cornwall, England 

Mount Sorrel, Leicestershire, Kngland. . . 
Tralnun Jaw, Haddingtonahire, England 
Ireland 



Helium 
(oabic mil- 
limeters 
per gram). 



0.029 
.005 
.0086 
.0019 



Anon 
(cuUc mil- 
limeters 
per gram). 



0.010 
.016 
.013 
.0025 



lOOgnms). 



8. 7 X 10^ 
2. X 10-* 



1.9 X 10-^ 



Strutt used rod heat in extracting the helium 
from these rocks, and it may therefore be pre- 
sumed that the proportions shown in the table 
are only about half the true values. Strutt 
reports that limestone and gypsum generally 
contain very little if any helium. 

TDCB OALOXrULTIOirS BASED OIT HEUUIC OOlTmrT. 

As the radio-elements in minerals are con- 
tinually breaking down and emitting helium 
at a constant rate, it is obvious that the ratio 
of helium to uranium and thorium should be 
greater in ancient minerals than in recent ones, 
and all of Strutt's later work on helium in 
minerals was designed to investigate this re- 
lation between helium ratio and age. His 
work on limestones, phosphatic rocks, and iron 
ores of diversf ages yielded results of negative 
value in this connection, for the increase of the 
helium ratio with age proved to be highly 
irregular. Practically all the sphenes he exam- 
ined were of Archean age and showed diver- 
gent ratios, but a series of zircons yielded more 
concordant results, the helium ratio increasing 
from 0.01 in a Tertiary variety to 56.6 in an 
Archean variety. (See p. 45.) Strutt then 
attempted to determine experimentally the 
rate at which helium is produced and, having 
obtained a figure in close agreement with that 
obtained by calculation,'* declared the helium 
ratio to be a reliable index of the antiquity of 
minerals and therefore a measure of the length 
of geologic time. (See table, p. 45.) On this 
basis Strutt concluded that the Archean sphene 
of Renfrew County, Ontario, is 710,000,000 
years old. 

It will be observed that this far-reaching 
conclusion involves three assumptions — (a) that 
the rate of decay of the radio-elements is in- 
variable; (6) that all the helium generated in 
the mineral has been retained by it during 

>» Strutt, R. J., Measurements of the rate at which helium is produced 
'n. thorianite and pitchblende, with a mintmnm estimate of their an- 
tiquity: Roy. Soc. LcndcD Proc., aer. A, vol. 84, p. 379, 1910. 



geologic time; and (c) that the mineral con- 
tained no helium at the outset and has since 
absorbed none from extraneous sources. A 
corollary of the general theory which makes it 
of interest in connection with the origin of 
helium in natural gas is the tacit assumption 
that all helium is of radioactive origin. 

(a) The rates of decay of the radio-elements 
have been measured by a number of observers, 
and although the adopted figures are still sub- 
ject to modification as more data become 
available, there seems little likelihood of ex- 
tensive change. The law of decay is xmaffected 
by such variations in temperature and pres- 
sure as can be produced in the laboratory, 
though its constancy under the temperatures 
and pressures existing in the earth is debata- 
ble. (See p. 12.) Moreover, it is obvious that 
the law of decay has been measured only for a 
period of a few years, whereas its application 
to the age of minerals involves extrapolating 
it to millions or billions of years. 

(6) Strutt '• has shown that there is a rapid 
leakage of helium from minerals and that 
weathered or water-worn minerals probably 
contain only a part of the helium that has been 
generated in them. The mere fact that enor- 
mous volumes of helium are found in natural 
hydrocarbon gas and in other gases of course 
also indicates that helium is migratory. The 
escape of helium, then, may result in greatly 
decreasing the helium ratio and thus the ap- 
parent age of a mineral. 

(c) As helium is a widely distributed ele- 
ment and is found in volcanic and hotr^pring 
gases, it is not unreasonable to suppose that 
helium is occluded or dissolved in igneous 
magmas and that when crystallization begins 
some of the helium enters into the forming 
minerals just as nitrogen, argon, hydrogen, and 
other gases do." The quantity so occluded 

1* Strutt, R. J., The leakage of helium from radioactive miaenls 
Roy. Soc. London Proc., ser. A, vol. 82, p. 166, 19Q0. 
"" See the papers by Oautier and Chamberlain cited on pp. 43, 45, 51. 
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might be very small in proportion to that later 
generated in the mineral by radioactivity, but 
it also appears possible for helium to enter the 
mineral after its formation and thus still fur- 
ther to increase its apparent age. Jaquerod 
and Perrot " have shown that quartz absorbs 
helium at a measurable rate even at so low a 
temperatur^ as 220** C, and Piutti "^ found 
that certain other fused salts and minerals also 
absorb it at moderate temperatures. The very 
common presence of helium in beryls, in quan- 
tities far larger than can be accounted for by 
the radio-elements present, is probably to be 
explained in this way, and it is very possible 
that the helium in potassium minerals has also 
entered from some extraneous source. 

If minerals under some conditions give up 
helium and under others absorb it, the writer 
believes that little reliance can be placed on 
the helium ratio as a basis for age calculations. 
The widely divergent ratios obtained by Strutt 
for minerals of the same geologic age and even 
from the same locaUty certainly indicate that 
disturbing factors have affected the ratio, and 
there is every reason to believe that these fac- 
tors may have been additive, increasing the 



recognized that the general evidence afforded 
by the distribution of helium in minerals sug- 
gests, with several outstanding exceptions, 
that the helium is a product of radioactivity. 

HBUUM IN MINE OASES. 

Apparently helium has been sought for in 
only a few mine gases, but it has been identi- 
fied in the fire damp of several coal mines in 
northern France and Belgium, and in the gas 
escaping in a potash mine near Stassfurt, Ger- 
many. As the gas escaping in many mines is 
known to be high in nitrogen, •* however, it 
appears probable that helium is a constituent 
of many mine gases. 

One of the first exhaustive studies of mine 
gases was made in 1896 by Schloesing,** who 
discovered the presence of argon in the fire 
damp of French coal mines. In 1911 Moureu 
and Lepape" examined gas from the same 
mines and determined the proportions of he- 
lium, xenon, neon, krypton, and argon. The 
mutual proportions of the rare gases were 
found to approximate their proportions in the 
atmosphere (see p. 16), but the helium varied 
greatly, as shown in the following table: 



Compofition of coal ffoMS, 



Carbon dioxide 

HydrocarboDB 

Nitrogen 

Arcon, \»ith traces of krypton and xenon 
Heliuni, with traceis of neon 



Lidvin, TYaaoB. 



5 
97.03 
2.41 
.04 
.013 



Axuin, TYaaoB. 



0.16 
97.92 

1.85 
.021 
.044 



Lens, Franoe. 



0.0 
98.15 

1.81 
.0367 
.0003 



Mans, Belgium. 



FimnknihoUy 
Palatinate. 



Trace. 
99.60 
.32 
.003 
.050 



2.80 
95.09 

2.06 
.021 
.027 



apparent age, as well as subtractive. Attempts 
have also been made to compute age by the 
ratio of uranium to lead in minerals, but they 
need not be discussed here.*® 

Although the attempt to calculate the age of 
minerals in years from the helium ratio appears 
to be scarcely warranted, it is nevertheless 

" Jaquerod, A., and Perrot, F. L., Sur I'emploi de lli^liom conime 
sabstanoe thennom^tclqiie et sor sa diifasion k travers la sllioe: Compt. 
Rend., vol. 139, p. 789, 1904. 

'•Piutti, Amaldo, Absorption of helium by rocin and minerals (ab- 
stract]: Chem. Soc. Jour., vol. 100, pt. 2, p. 88, 1911. 

M Holmes, Arthur, The association of lead with uranium in rock ndo- 
orals audits application to the measurement of geologic time: Roy. Soc. 
London Proc., ser. A, yoL 85) p. 248, 1911; Radioactirlty and the meas- 
uremant of geologic time: Geologists Assoc. Proc., voL 26, pt. 5, p. 289, 
1915; Barrel!, Joseph, Rhythms and the measurement of geolo^c time; 
GeoLSoc. Amerlcft Bull., vol. 28, p. 745, 1917. For criticisms of this 
method, see Becker, G. F., Relations of radioactivity to cosmogony and 
geology: OeoL Soc. America BulL, voL 19, p. 134, 1908; Isostaqr and 
ndioactivfty: Idem, vol. 2S» p. 171, 1915. Clarke, F. W., The data of 
geochemistry, 4th ad.: U. 8. Geol. Survey Bull. 605, pp. 312-315, 1920. 



Although the percentages of helium in these 
gases are small, the total volumes involved are 
considerable; according to the authors, the 
mine at Anzin emits about 4,380 cubic meters 
a year, and that at Frankenholz 3,650. cubic 
meters a year. In order to ascertain whether 
or not the helium is a direct product of radio- 
activity, Moureu and Lepape then tested the 
gases for radium emanation but found that 
they were not measurably radioactive. Ex- 

H For compilations of analyses of mine gases, see Cady, H. P., and Mo- 
Farkmd, D. F., The eompodtlon of natuial gss, with special study of 
the constitaents of Kansas gfses: Kansas Univ. GeoL Survey, voL 9, 
p. 286, 1906L Darton, N. H., Occurrence of explosive gases in coal mines: 
Bur. Mines Bull. 72, 1915. 

nSchloesing, Th., fUs, Sur la compodtion du grisou: Compt. Bend., 
vol. 122, p. 308, 1890: ttude sur I'asote et rargcn dn grlson: Idem, voL 
123, p. 233, 1896. 

« Moureu, Charles, and Lepape, A., Lea gm 
Bend., vol. 153, p. 847, 1911. 
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amination of the radium and thorium content 
of the coal itself yielded the following results:^ 



the gases accmnulating in the tunnels or drifts 
at the mineral springs of Baden. The helium 



Relation between helium content of gaa and radioactivity of coal. 



Lidvln. 



Helium ^with traces of neon) in gw per cent. . 

Radium in coal grams 10~^' per gram of coal . . 

Thorium in coal grams 10^ per gram of coal. . 



0.013 
<.02 



Anzln. 



Lens. 



o.ai4 
<.oi 
<.oi 



0.0003 
.97 
.33 



Mons. 



0.060 
.04 
.0:1 



Frankmholx. 



0.027 
<.01 
.02 



It will be noted at once that the proportion 
of heliimi in the gas bears no relation to the 
proportions of radium and thorium in the coal. 
The Lens coal is by far the most radioactive, 
and the Lens gas is by far the poorest in helium, 
in fact, the arrangement of the coals in order 
of radioactivity is almost exactly the reverse 
of the arrangement of the gases in order of 
helium content. The authors cited calculate 
that the helium emitted by the Frankenholz 
mine in the last 20 years represents all that 
would be generated by 33,000,000,000 tons of 
such coal in a period of 100,000,000 years. As 
there is undoubtedly a great deal more' helium 
still occluded in the unmined coal, they con- 
clude that only a small part of the helium is 
being generated directly by radioactive proc- 
esses and that most of it is fossil helium. 

In a salt mine at Leopoldshall, near Stass- 
furt, a flow of combustible gas was encountered 
which according to Erdmann " proved to have 
the following composition: 

Hydrogen 83. 6 

Methane 4. 4 

Nitrogen and argon 11. 8 

Helium, with some neon 17 

This gas had been flowing for four and a half 
years, and during that time, it is calculated, 1 2 
cubic meters of helium had escaped. In Erd- 
mann 's opinion the helium is generated by the 
decay of a local deposit of radium in the salt 
mass and is not an indication of the radioactiv- 
ity of potassium. 

The gas escaping in the Elkton mine, Crip- 
ple Creek, Colo., contains 76.8 per cent of nitro- 
gen and 1 .5 per cent of argon, but spectroscopic 
examination of the argon residue apparently 
failed to disclose the presence of helium." 

In this connection may be considered some 
analyses of gases of a somewhat different type, 

•• Moureu, Charles, and Lepape, A., Helium des grisous et radioactivity 
des houilles: Compt. Rend., vol. 158, p. 698, 1914. 

» Erdmann, Ernst, t^ber beliumhaltlge Oase derdeatscfaen Kalilager: 
Deutsche chem. Gosell. Bcr., vol. 43, pt. 1, p. 7T7, 1910. 

" Lindgren, Waldemar, and Ransome, F. L., Geology and gold de- 
posits of the Cripple Creek district, Colo.: U. 8. Geol. Survey Prof. Paper 
64, pp. 262-270, 190C. 



content and radioactivity of these gases, as de- 
termined by Sieveking and Lautenschlager," 
are as follows: 

Helium content and radioactivity of the 8tollenga»e of Baden. 



KirchenstoUen, Baden-Baden 

MurquellstoUen, Baden-Baden 

Marlq^fenfitollen, Badenweiler. . 
BtlttqueUenstoUen, Baden-Baden. 

HauptstoUen, Baden-Baden 

UrsprungstoUen, Baden-Baden 

Deckenhof 



Helium 
(percent). 



0.015 
.004 
.004 
.003 
.001 
.001 
.0002 



Activity 

(vult- 
stonden). 



3,200 
2,000 
900 
4,770 
470 
459 
500 



It will be noted that the helium content of 
these gases appears to bear a vague relation to 
their radioactivity, though the most active gas 
stands fourth in order of helium content. 

HELXUM IN THB QASE8 OF MINEBAL SFBINGS. 

Within a few months after hehum was dis- 
covered it was identified by Kayser" in the 
gas emitted by the springs at WUdbad, in the 
Black Forest, and in the course of the same 
year its presence in the springs at Cauterets, in 
the Pyrenees, was announced by Bouchard and 
by Kellas and Ramsay. Since that time he- 
lium has been detected in the gases of a great 
many European mineral springs, some of which 
emit several thousand liters of helium yearly. 

By far the most extensive investigations of 
the occurrence of the rare elements in mineral- 
spring gases are those of Moureu and his col- 
laborators, who found that the proportions of 
argon, krypton, and xenon in all gases approxi- 
mate their proportions in the atmosphere, 
whereas the percentages of helium are very 
irregular. (See p. 16.) In order to investi- 
gate the relation between helium and radio- 
activity Moureu determined the radium ema- 

* Sieveking, H., and LautenachUger, L., Hhn Heliiun in TfaemiBl- 
quellen and Erdgasen: Physikal. Zeitschr., voL 13, pt. 2, p. 1043, 1912. 

" Kayser, H., Note on helium and argon: Chem. News, vol. 72, p. », 
Aug. 23, 1896. 
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nation in a great many gases but found that no 
direct relation exists, except in so far as all the 
gases examined contain at least traces of both 
helium and the radio-elements. This is clearly 



brought out in the following table, which presents 
a summary of numerous papers by Moureu:'" 

** Moureu, Charles, Recherclies sur les gaz rares des sources thermales: 
8oc. ohim. France Bull. 9, 4th ser., xxv pp., 1911. 



Helium content and radioactivity of the gases of mineral springs, 
[After ICoureu. LooaUtles in Franoe except as otherwise noted.] 



Locality. 



Spring. 



Aix-les-Baiiifl 

Do 

Aix-les-Thennes 

Badgastein, AustriA 

Bagn^ree-de-Bigorre 

BagQ^re^Kie-Luchon 

Do 

Do 

Do 

Do 

Baiii&-le8-Baiii8 

Bourbon-rArchambault. 
Botirbon-Lancy 

Do 

Buflsang 

CaldeUas, Portugal 

Cam bo 

Cauteretfl 

Do 

Do 

Do 

Do 

Chatel-Guyon 

Dax 

Do 

£aux-Bozmes 

Eaux-Chaudes 

Giisy. 

La Bourboule 

LaChaldette 

Lamalou 

Longwy 

Luxeuil 

Do 

Maizi^ree 

Mont-Dor6 

Nancy 

N^ris 

Ogeu 

Panticoea, Spain 

Plombi^res 

Do 

Do 

Do 

Do 

Pougues-Saint-Iv^ger 

Royat 

St.-Honop6 

SaUns-Moutiere 

Santenay (Cdte-d'Or). . . 

Do 

Do 

Spa, Belgium 

iJriage 

Vichy 

Boy////.'..'..'..'...'. 

Do 

Do 



Soufre 

Alun 

Viguerie 

GratenbQker. 

Salies 

Bordeu No. 1. 
Bordeu No. 2. 

Ferns 

Pr6No. 1 

SauIeNo. 2.. 
Savonneuse... 

Thennal 

Lymbe 

Bieine 

Demoiselles. . 
Carv'alho 



Constituents of gas (per cent). 



Carbon 
dioxide. 



Bois Vieux , 

C^sar 

Mauhourat 

DesCEufs 

Raill^re 

Gubler 

Nehe 

Trou des Pauvres, 

Vieille 

Esquirette 

Ys 

No. 2 

Choussy 



Usclade 

Des R^collets 

Bain-des-Dames. . 

Grand Bain 

Romaine 

Des Chan teurs 

Pare Sainte-Marie 

C^sar 

Peyr6 

St.-Augustin 

Crucifix 

Des Capucins 

Vauquelin 

No. 5 



C^sar.... 
Crevasse. 



Lithium 

Camot 

Fontaine Sal^. 
Tonnelet 



4.00 

(«) 
.0 

Trace. 

3.14 

.33 

.85 

.0 

Trace. 

Trace. 

Trace. 

49.81 

2.8 

Trace. 

82.71 

.0 

.0 

Trace. 

Trace. 

.0 

.60 

.0 

97.4 

L3 

L9 

.0 

.0 

L15 

2.7 

94.5 

2.75 

99.5 

.5 

.83 

L6 

L7 

99.39 

L75 

11.86 

Trace. 

.2 

Trace. 

LO 

Trace. 

Trace.. 

1.58 

98.6 

99.5 

2.20 

41.50 



Oxygen. 



(7) 



DesC^lestins. 

Chomel 

Grande Grille. 

H6pital 

Mesdames. . . 



84. 25 

4.15 

84.5 

99.834 

99.47 

98. 65 

98.2 



0.0 

(«) 
.0 

L40 (?) 

Trace. 

.0 

.0 
Trace. 

.0 

.0 
4.69 

.2 
2.2 ( 

Trace. 
2.44 (?) 

.76 (?) 
Trace. 

.0 

.0 
Trace. 

.0 

.54 (?) 
LO 

.7 

.0 

.0 

.0 
7.5 
Trace. 

.0 

(«) 
.0 

Trace. 

.0 

.0 

. 168 (?) 

.0 

.0 

ILO 

L6 

3.30 ( 
8.90 ( 
Trace. 
4.0 
L47 (?) 

(°) 
. 102 (?) 

.0 

Trace. 



(?) 



;?) 
?) 



.175 
Trace. 

.05 
Trace. 

.00008 

.152 

.08 



Combus- 
tible gas. 



Trace. 

C) 
C) 

c 
(«) 

C) 



Nitrogen. 



94.79 

(°) 
98.45 

97.25 

95.49 

98.275 

96.45 

96.085 

92.40 

94.826 

94.07 

48.96 

9L96 

96.1 

16.72 

96.40 

98.49 

98.48 

98.55 

98.47 

97.76 

98.508 

2.036 
96.26 
96.20 
98.28 
98.57 
95.5 
88.77 

5.34 
95.17 

(°) 
98.12 

97.15 

96. 36 

9L46 

.436 

95.36 

86.29 

87.92 

97 

95.14 

88.65 

98.15 

94.505 

95.32 

(°) 
.393 

95.76 

57.83 



15. 296 

93.98 

15.07 

.162 

.51 

L20 

L72 



Argon. 



L18 

L153 

L453 

L181 

L322 

L306 

L25 

L23 

L316 

L271 

L042 

.45 
L20 
L15 

.242 
L143 

(«) 
L418 

L275 

L49 

L 581 

L377 

.02337 
L2226 
L195 
L157 
L29 
L18 
1. 02588 

.10 
L31 

( «) 
L3654 

L28 

L305 

.92 

(°) 
L29 

.88 

?! 

L369 
L414 
L643 
L375 
1.547 
.013 

(«) 
L147 

.446 



.215 

.938 

.302 

.0027 

.0172 



8 



Helium. 



0.03 

.037 

.097 

.169 

.048 

.089 

.15 

.285 

.284 

.323 

.198 

.58 
L84 
L75 

.328 

.017 

(«) 
.102 

.165 

.04 

.059 

.115 

.00063 

.0174 

.005 

.563 

.140 

2.18 

.00412 

.01 

.77 

(°) 
.0146 

.74 

.735 

5.92 

(°) 
L60 

.97 

(°) 

(^) 
.201 

.036 

.207 

.120 

.104 

.002 

(*) 
.893 

.224 

10.16 

9.97 

8.40 
.064 
.932 
.123 
.0015 
.0018 

h 



Radium 
emanation 

(miUi- 
grun-min- 

utespor 
lOUters). 



< .20 

.147 
.216 
.560 
.041 
.019 
.105 



10135'— 20- 



o Not determined. 
4 



f> Not sought fnr. 
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Moureu points out the total lack of propor- 
tionality between radioactivity and the helium 
content of these gases and concludes that only a 
small fraction of the helium is now being 
. generated by the decay of radium and that 
the greater part is fossil helium. As shown in 
the following table the volume of helium given 
off annually by some of the richer springs is 
considerable; Moureu calculates, for example, 
that the output of the Camot Spring, at 
Santenay, represents all the heUum that 
would be given off in a year by 91 tons of 
radium, or by 500,000,000 tons of pitchblende 
or thorianite. It is very evident, therefore, 
that the heliimti of these springs is not being 
generated by radioactivity as fast as it is being 
emitted, and that it represents the leakage 
from a great store of underground helium, 
which may have been generated during geo- 
logic time by the radio-elements or may repre- 
sent primordial heUimti that has had no connec- 
tion with radioactivity. 

Volumes of helium emitted annuallif by Bome of the richer 

French mineral springs, <» 



Spring and localltj. 



Lithium (Santenay, C6te-d*0r).. 
Carnot (Santenay, C6te-d*0r) . . . 
Fontaine Sal^e (Santenay, Cdte- 

d'Or) 

Romaine (Maizi^ree, Cdte-d*Or) . . 

Ys (Grisy, Sadne-et-Loire) 

Lymbe (Bourbon-Lancy, Sadne- 

et-Loire) 

C^sar (N^rifl, Allier) 

Choussy (La Bourboule, Puy-de- 

Ddme) 



Helium 
in gas 

(per 
cent). 



10.16 
9.9? 

8.40 
5.92 
2.18 

L84 
.97 

.01 



Volume of hoUum 
pwyear. 



Liters. 



5,182 
17,845 



1,080 



10, 074 
33,990 

3,048 



Cubio 
feet. 



183 
631 



38 



356 
1,200 

108 



a Moureu, Charles, and I>epape, A.. Bur quelques melanges Razeux 
naturels particullftrement riches en helium; Quements d^h^Uum: Compt. 
Rend. vol. 155, p. 197, 1912. 

All these springs, except that at La Bour- 
boule, lie in a comparatively narrow belt 
extending from Moulins, in AUier, northeast- 
ward to Vesoul^ hi Haute-Sadne; and in this 
belt also there are several other springs which 
furnish gas containing more than 0.5 per cent 
helium, such as those at Luxeuil, St. Honorfi, 
and Bourbon-rArchambault. This areal dis- 
tribution of the helium probably has a signifi- 
cance which special geologic examinations 
might disclose, but the surface geology of this 
region, as shown on the geologic map of France, 
suggests no explanation. 



Although a few of the helium-bearing 
spring gases cited in the foregoing tables 
consist chiefly of carbon dioxide, a great 
majority are rich in nitrogen, resembling in 
this respect the heUum-bearing natural gases of 
the United States. The general occurrence of 
helium in nitrogen-rich spring gases is shown in 
the following table, which has been compiled 
from a number of papers: 

Helium and argon in the gases of mineral springs. 



Locality. 



1. Cauteretfl, Pyreneee, 

France 

2. Ba|mole de TOme, 

France 

3. Perchtoldfidorfj near 

Wien, Austria 

4. Vaslau, near Wien, 

Austria 

6. Allhuaen well, Middle- 
borough, England.... 

6. Well, Middleborough, 

E^land 

7. Sulphur well, Harro- 

gate, En^and 

8. Reykjavik, Iceland... 

9. Bordeu k Luchon, 

France 



Nitrogen 

(per 

cent). 



90.5 
93.6 
91.0 



Anson 
(percent). 



10. Karlsbad, Bohemia 

11. Wiesbaden, Germany.. 

12. Crastein, Austria 

13. Uriage, Is^re, France.. 

14. Ijsl Aliseda, Spain 

16. Bath, England 

16. Wildbad, Black For- 

est, Germany 

17. Baden-Baden, Germany 



96.22 
.40 



93.98 

92.6 

95.3 

97 



4.5 
1.04-1.11 
1.1&-1.26 
.4 
.5 



1.14 
2.56 



Helium 
(per cent). 



Pk^esent. 
Trace. 



0.0 

.0 

.0 
.0 

.0 



.38 



1.29 
.94 

1.07 
.74 

Present 



Presoit 
.64 
.93 



.03 

.8 
.71 



1. Bouchard, (Charles, Bur la prtaenoe de I'arnm et de lliflhim dans 
certaines eauz mlndraleB: Compt. Rend., vol. 121, p. 392, 18B5. 

2. Bouchard, Charles, Bur la composition dee gai qui ee d^ga^ent des 
eaux minftralee do Bamole de I'Ome: Idem, vol. 12S, p. 900, 1806. 

3. Bamberger, Max, uber den Naohweis too Amn in dem Gaff 
ehier Quelle In Perahtoldadorf bei Wien: llonatah. Chemie, Band 17, 
p. 604, 1806. „ 

4. Bamberger. M., and landsledl^., tJber den Naohweis Ton Aigoo 
In den Badequellen von VOslau bei wien: Idem. vol. 10j>. 114. 18K. 

5, 6, 8. KeUas, Alexander, and Ranuav, William, Sxammatkm or 
gases from certain mineral waters: Chem. News, vol . 72, p. 295. 1805. 

7. Ramsay, William, and Travers, H. W., The nseousoonstitueDts or 
certain mineral substances and watera: Roy. Soc. XoDdoo Proc., vol. 60, 
p. 442. 1897. 

9. lloissan, Ilenrl, Bur la prtoence de I'argon dans les gas de la source 
Bordeu k Luchon et sur la prfisence du souita llbre dans I'eau sulfumse 
de la grotte et dans les vapours de humage: Compt. Rend., vd. 13o, 
p. 1278. 1902. 



10. Pesendorfsr, F., Zi 



)tsung des dem Karlsbad Spradel 



entstrOmenden Gases: Chem. Zeitung, vol. 29, p. 350, 1905. 

11. Ilenrich, Ferd., Untersudiungen liber die Thermalqnellen yap 
Wiesbaden und deren Radioaktivltirt: Ph^ilcal. Zeitachr., vol. 8, p. 112, 

12. Ewers. P., ITber das Vorkommen von Argon und Helium in aen 
Qastelner Thermalquellen: Phjrslkal. Zeitschr., vol. 7, p. 225, 1905. 

13. Ifassol, M. O., Bur la composition ohimique des aa spontanes ae 
la source thermo-mlnfirale d'uriage (Iske): Compt. Rend., vol. lUi 
p. 1124,1910. „- 

14. Diaz de Rada, F., Analyse der ans dem Qnellwaasa von "U 
Aliseda "sioh entwickelnden Oase: Chem. Zeitung, vol^ 36, p. 688, 1912. 
[Abstract.] 

15. Ramsay, William, Report on the mineral waters of Bath: Chem 
News, vol. 105, p. 133, 1912. „ ^ 

16, 17. 6ievek£[is, H., and Lautensohlftger. L., tjber Helfami in Tb«' 
I malquellen und Erdgaoen: Physikal. Zeitsohr., vol. 13, p. 1043, 192. 
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An examination of sea water and of the water 
of the Seine for helium was made by Troost 
and Ouvrard,*^ who report that it is present 
only in the faintest traces. 

HXLnjM m voLCAxnc and tuxabolb gasbs. 

Unfortunately the earlier classic researches 
oh the composition of volcanic gases — ^those 
of Bunsen, DeviUe and Leblanc, and Fouqu6 — 



gas of the solfatara of Pozzuoli (Campi Fl^rei, 
near Naples) and in several other Vesuvius 
gases, as well as in the hydrocarbon gases of 
Salsomaggiore and Bagni della Poretta, in 
northern Italy.** The following table shows 
some of the analyses made by these authors, 
as well as a later analysis of the Larderello gas 
made by Porlezza and Norzi,*' and an analysis 
of Vesuvius gas by Gautier.-** 



Analyses of ffosea of Italian fumaroles, 

[Percent.] 



Hydzogen hulphidc 

Carbon dioxiae 

Hydrugen 

Methane 

Oxygen 

NiUvn?en 

An^n 

Helium 



2.070 
92.800 

2.600 

1.400 
.050 

L048 
.021 
.010 



99.999 



2.000 
92.000 

2.400 

L900 
.200 

1. 455 
.029 
.014 



99.998 



3 



2.0090 
92.2000 

2.4500 

1.7800 
.1800 

1.3500 
.0245 
.0155 



100.0000 



1.13 
10.73 



} 



12.00 

.40 

74.23 

1.51 



100.00 



96.52 

.015 

.12 

.46 

2.87 

.028 



100. 013 



1-2L Gas from dlflcnnt parts of the boric Mid 8oflkxi« of Lftrderello. Analysis by Nadni, Anderlinii and Salrsdori. 

3. Same. Later analysis by Porlossa and Norsi. 

4. Gas from boiling spring at IConle Irons, Abano. Analysis bv Nasini, Anderlini. and Salvadori. 

5. Gas from old famuote at Agnano, near Naples, reprSBsnting Vesuvius gas. Analysis by A. Oautier; beUum determined by Cbarks Mooreu. 



#ere made before helium was discovered, and 
as most of the recent investigations deal only 
with the more abundant constituents of vol- 
canic emanations, the available data on the 
distribution of helium in such gases are meager. 



The gases emitted by the boiling springs of 
Iceland, which are indirect manifestations of 
volcanic activity, have been investigated by 
Thorkelsson,** from whose valuable paper the 
following analyses are cited: 



Analyses of gas emitted by the hot springs ofleekauL 

(Peroent.] 



Spring. 


n,8. 


COt. 


H.. 


CH*. 


o,. 


N,. 


A. 


He. 


Itevkir No. 5 












98.34 
16.5 
20.6 
90.0 
97.4 
67.9 
L8 
3.9 


1.61 
.294 
.441 
1.68 
1.93 
1.36 
.011 
.088 


0.0146 


Hveravellir No. 2 


2.8 


79.5 

77.8 

6.4 




0.9 
1.0 
.8 
.7 
.2 
.3 
.6 




.0050 


Hveravellir No. 25 




0.2 
1.1 


.0063 


Graffarbakki No. 1 






.0104 


IjaiiPAJT&s No. l.....,.■^-■^ ' -- 




.0104 


Revkiafo68 No. 1 




27.0 
73.4 
67.0 


2.5 
13.5 
17.2 


.0 


.0103 


HcDKillNo. 1 


11.0 
1].2 


.0006 


HeneillNo. 3 


.0020 









The presence of heliimi in Italian fumarole 
gases was established in 1898 by Nasini, Ander- 
lini, and Salvadori, who found 0.014 per cent 
of helium in the gas emitted by the boric acid 
soffione of Larderello (Tuscany), and a smaller 
proportion in the gas of Monte Irone, Abano.** 
The same authors later detected helium in the 

M Troost, L.y and Ouviard, L., Sur I'origine de I'srgon et de Thulium 
dans les gas d^gagte par Cfitaimw eaox sulikireases: Compt. Rend., vol. 
121,p. 798, 1896. 

•1 Nasini, R., Anderlini, F., and Salyadorl, R., Rloerche sulle ema- 
naskni temstie itaUane: Gass. ohim. ital., vol. 2B, pp. 81-153, 1898. 



Moissan** examined several samples of gas 
from the fumaroles of Mont Pel^e, Martinique, 
but reported no helium in one sample and 

M Idem, vol. 36, pt. 1, p. 429, 1906. 

99 Porlessa, C, and Norsi, O., Nuovl studi sui gas dei soffione borad- 
ferl di Larderello: R. Aocad. Linoei Atti, 6Ux ser., vol. 20, pt. 2, p. 338, 
1911. 

M Oautier, Armand, Observations sur la nature et I'origlne des gas qui 
fiorment les fumerolies volcaniques ou qui aortent des erattees des anciens 
volcans: Compt. Rend., vol. 149, p. 84, 1909. 

» Thorkelsson, Thorkell, The hot spring of Iceland: Acad. roy. sci. 
et let. Danemark lC4m., Tth ser., vol. 8, pp. 181-264, 1910. 

M ifoissan, Henri, Sur la prAsence de Targon, de Toxyde de oarbcne et 
des carbures d'hydrogfcne dans les gas des ftimerolles du Mont Pel6 k la 
Martinique: Compt. Rend., vol. 135, p. 1065, 1908. 
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apparently did not look for it in the others. 
Grossman,*^ however, found traces of helium 



been calculated roughly by Jeans' and are 
given in the following table: 



Proportions of the atmospheric gases at varums levels in the upper atmosphere. 
[The base of the upper atmosphere is taken at 10 JS kllameters above the earth's surfooe.] 



Oas. 


Molecnlar 
-weight. 


Number of molecules per enbio centimeter at height t (in kiiameters). 


t-0 


2^20 


7-80 


z-ieo 


r-8U0 


Hvdroffen 


2 
4 

20 
28 
32 
40 
83 
130 


ioxio»» 

4X10»* 

12.6X10" 

780,600X10" 

210,000X10" 

9,400X10" 

0.6X10" 

0.06X10" 


8X10" 

2.6X10" 

1.4X10" 

42, 900X10" 

7,000X10" 

139X10" 

10» 

10» 


430X10" 

73X10" 

0.3X10" 

620X10" 

26X10" 

0.04X10" 






182X10" 
13X10" 

0.5X10' 

35X10' 

0.3X10^ 

10» 






3X10'" 


Helitim... 


10* 


Neon 





Nitrogen 





Oxyeen 





^^■^J o'-»*- ------ 

Arson 





KrvDton 





Xenon 













1X10" 


5X10»7 


1X10" 


2X10" 


3X10" 



in the gas contained in lava from Mont Pel^e, 
but none in several lavas from Vesuvius and 
other localities. Day and Shepherd •• state 
that the gases of Kilauea examined by them 
contain no helium, argon, or other rare gases. 

HELIUM IN THB ATMOSPHSBE. 

According to the latest determination by 
Sir William Ramsay •• the atmosphere near the 
earth's surface contains 1 part of helium in 
245,300 parts by volume, or about 0.0004 per 
cent. This is the figure generally accepted, 
though according to Claude* the percentage is 
0.0005. Joly ' has calculated that the atmos- 
phere up to a height of 8 kilometers contains, if 
homogeneous, 16x 10** cubic meters of helium. 

Although there are a few experimental data 
on the composition of the air several miles 
above the earth, it is generally believed that 
the atmosphere consists of two layers — an inner 
adiabatic layer 8 or 10 kilometers high, which 
is practically homogeneous in composition, and 
an outer and much thicker isothermal layer, 
or layer in which the temperature is uniform 
and constant and in which the distribution of 
the gases is controlled by gravity. The theo- 
retical proportions of the several gases at 
various levels in the upper atmosphere have 

^ Oroesman, M., Analyse quantitative des gax ooclus dans les laves 
des demiftrGs Eruptions do la Montague Pol6e et du Vfeuve: Compt. 
Rend., vol. 148, p. 991, 1909. 

" Day, A. L., and Shepherd, £. B., Water and volcanic activity: Oeol. 
See. America Bull., vol. 24, p. .573, 1913. 

M Ramsay, William, The gases of the atmosphere, 4th ed., p. 257, 
London, 1915. 

1 Claude, Georges, Sur la oomposition de I'air atmosphdrique: Compt. 
Rend., vol. 14S, p. 1454, 1909. 

> Joly, J., Radioactivity and geology, p. 210, London, 1909. 



At a height of 80 kilometers (50 miles) some 
of the heavier gases disappear entirely, and 
helium, instead of being the sixth constituent 
m order of abimdance, is outranked only by 
hydrogen and nitrogen. At a height of 160 
kilometers (100 miles) the atmosphere consists 
chiefly of hydrogen and helium, the other con- 
stituents being present only in small proportions. 

C. E. Van Orstrand has constructed a curve 
from the foregoing figures and has computed 
the relative v^mnes of helium in the concentric 
zones of the atmosphere, as follows: 

Proportions of helium in the atmosphere at different ZeivZs 

abotie the earth*^ surface. 

[Number cf molecules per cubic centimeter at earth's surboe, 

2.76X10W.] 





Helium (mole- 




Helium (mole- 


Height (kUo. 


culesXlQMper 


Height (kUo- 


cules X10»* per 


meters). 


cubic centi- 


meters). 


cubic centi- 




meter). 




meter). 


0-2 


2,000 


16-18 


620 


2-4 


1,600 


18-30 


^,360 


4- 6 


1,280 


30-90 


9,990 


6- 8 


1,040 


90-170 


3,440 


8-10 


870 


170-870 


4,550 


10-12 
12-14 


760 
700 








30,870 


14-16 


660 







From this figure Mr. Van Orstrand calculates 
that the total mass of helium in the atmosphere 
up to 870 kilometers is 11,456 X 10* tons, 
which is equivalent to a total voliune, at 
standard temperature and pressure, of about 
58,186 X 10* cubic meters. 

I Jeans, J. H., The dynamical theory of gases, ohsp. 15, Cambridge, 
1916. Earlier calculations have been given by James Dewar. (Prob- 
lems of the atmosphere: Roy. Inst. Great Britain Proc., vol. 17, 1902- 
1904, p. 223) and by W. J. Humphreys (Distribution of gases in the hXm» 
phere: Mount Weather Obs. Bull., vol. 2, p. 06, 1909). 
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It has been argued by Stoney * that hydrogen 
because of its lightness, ascends to the upper- 
most levels of the atmosphere, and thence in 
part escapes into space; and it has been sug- 
gested by both Ramsay * and Moureu • that the 
same theory may apply to helium as well. 
According to Jeans, however, the loss of hydro- 
gen from the earth's atmosphere is at present 
so slow as to be negligible, and there can there- 
fore be practically no loss of helium. A similar 
conclusion is reached by Bryant 

COSMIC HSLnTM. 

The discovery of helimn in the solar chro- 
mosphere in 1868 was followed by its identifi- 
cation in the spectra of a great many stars, and 
it is now recognized that helium is one of the 
most prominent of cosmic elements. Helium 
is abundant in the nebulae and is so prominent 
in the hotter stars of the Orion type that these 
are often designated the helium stars. 

In contrast, to helium, which is so prominent 
in the stars and nebulae, the radio-elements, so 
closely associated with helium on the earth, 
are conspicuous by their absence. Dyson has 
doubtfully reported the presence of radium in 
the solar chromosphere, and Giebeler believes 
that he has detected radium and its emanation 
in the spectrum of the new star Nova Gemino- 
rum 2, but despite the fact that radium is 
easily recognized spectroscopically, other ob- 
servers have failed to confirm these results and 
report that radium is absent.' Similarly, ura- 
nium and thoriimi, so far as the writer can 
learn, have not been detected in any of the 
celestial bodies, though lead has been identified 
in the sun. 

The prominence of helium and the absence of 
uranium and thoriimi in celestial bodies are ex- 
plained by Becker's view* that m^anium is to be 
regarded as the unstable compoimd PbHeg and 
thorium as the compoimd PbHe,, which differ 
from other compounds chiefly in that their dis- 
integration is spontaneous and proceeds at a 
fixed rate. As these compounds are very 
strongly endothermic, disintegrating with the 

* Stoney, Jdhnastonef Chem. News, vol. 71, p. 67, 1895. 

* Ramsay, William, op. cit., p. 365. 

* Mouren, Charles, Lea gas tbennauz: Rev. sci., 1914, p. 05. 

' Bryan, G. H., The khietic theory of planetary atmospheres: Roy. 
Soc. London Fhilos. Trans., vol. 196, p. 1, 1900. 

* Clarke, F. W., The data of geochemistiy, 4th ed.: U. B. Geol. Survey 
BoU. 605, p. 312, 1920. 

* Becker, G. F., Relations of radioactivity to cosmogony and geology: 
Oeol. Soc. America Bull., vol. 19, p. 113, 190S. 



evolution of heat, their formation must have 
been attended by the absorption of heat and 
therefore could have taken place only under 
conditions of great temperature and pressure. 
Similar arguments have been developed by 
Arrhenius and others.^® If this view is ac- 
cepted, the presence of helium and lead in the 
sun and the absence of their compoimds, ura- 
nium and thorium, are explained. Further- 
more, it follows that if helium and lead combine 
only under certain conditions there is in all 
probability a great deal of helium in the earth 
which has never entered into this combination 
and has had no connection with radioactivity 
and which may thus be regarded as true pri- 
mordial helium. 

mFESRED HSLIUM. 
THB XBASmEtSMXirT 07 BADIOACTZVXTT. 

In addition to the direct data on the distri- 
bution of helium reviewed in the foregoing 
pages, it is evident that, as helium is formed in 
the decay of the radio-elements, each occurrence 
of radioactive material connotes the presence of 
helium. Early recognition of the extraordinary 
qualities of radium and of its geochemical sig- 
nificance and therapeutic value led to the mak- 
ing of extensive surveys of the distribution of 
radioactive materials in the earth's crust, and 
the data so gathered thus have an indirect 
bearing on the distribution of helium. 

Almost inconceivably minute quantities of 
radium and its products may be accurately 
measured by taking advantage of the fact that 
the rays emitted by these substances have the 
property of ionizing the surrounding gases and 
so making them carriers of electricity. The ex- 
tent of this ionization is measured by means of 
the electroscope, which is designed to permit 
accurate observation of the rate of loss of po- 
tential of a charged insulated strip of gold leaf 
exposed to a definite volume of air containing 
the emanation. As each alpha ray emitted 
gives rise to many thousand ions per second, 
it is evident that measurements made in this 
way are incomparably more refined than those 
obtainable by the most delicate chemical bal- 
ance or even by the spectroscope. Exceed- 
ingly small quantities of helium may be recog- 
nized in a spectroscope, but far smaller quan- 
tities of the elements that give rise to helium 
may be measured electrically. 

!• See Becker, O. F., Isostasy and radioactivity: Geol. Soc. America 
Bull., vol. 26, p. 194, 1915. 
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In practice sufficient time must of course 
be allowed to permit the attainment of equi- 
librium. If a rock is to be tested, it is first 
brought into solution and allowed to stand 
until the maximum quantity of emanation has 
accumulated — that is, until the rate of decay 
is equal to the rate of production. The gases 
are then removed by boiling and introduced 
into the electroscope, and the measurement of 
their ionizing power is easily recalculated into 
terms of radium itself. 

DXBTBIBUTIOH OF THB RADIO-ELSXXVTB. 

A great many determinations of radium in 
minerals, soils, rocks, and spring waters and in 
the ocean and atmosphere have been made, but 
as their bearing on the distribution of helium 
is indirect only a few representative measure- 
ments will be given here. 

Measurements of the radioactivity of a 
number of minerals, made in connection with 
determinations of their helium content, have 
been given on pages 44-45. It will be noted 
that many of the rare-earth minerals are rich 
in radium, as compared with ordinary rocks 
(discussed below), and that practically all the 
minerals tested contain some radium, though 
the silicates and the common metallic ore 
minerals are generally poor. 

The wide distribution of the radio-elements 
in terrestrial materials was discovered in 1901 
by Elster and Geitel, who observed that the air 
in cellars and caves is markedly radioactive 
and who thereupon tested a number of samples 
of soil and clay." They found that most of 
the samples they examined were distinctly radio- 
active, and later investigations have confirmed 
their results. Moore," for example, found the 

" Elster, J., and Oeltel, H., Sur Ift radloectlylt^ cle«ratmo8phdre et da 
sol: Arch. scl. phys. nat., 4th ser., vol. 17, p. 13, 1904. Determinatians 
of the radioactivity of many minerals, rodcs, spring watera, etc., were 
made prior to 1906, but the results were commonly expressed in arbitrary 
units and have little value for comparison. A good review of the work 
to 190S, with bibliography, is given by Oeorg v. d. Borne (Die radioak- 
tiven Mlneralien, Oesteine und Quellen: Jahrb. Radioaktfvit&t u. 
Electronik, Band 2, Heft 1, p. 77, 1906). 

i> Moore, R. B., The radioactivity of some type soils of the United 
States: Jour. Ind. and Eng. Chemistry, vol. 6, p. 370, 1914. 



average emanation from 14 type soils in the 
United States to be equivalent to 1.97 X10~" 
grams of radium per gram of soil, and that of 
the subsoils to be equivalent to 1.62x10"" 
grams." The average thorium emanation of 
five soils was found to represent 4 X 10"* grams 
of thorium per gram of soil. Sanderson'^ 
examined 13 Minnesota soils and found 1.3 X 
10-" to 8X10-" grams of radiiun and 2.5 X 
10~* to 7.1 X 10"* grams of thorium per cubic 
centimeter of soil. 

The first systematic survey of the distri- 
bution of radium in rocks was made in 1906 
by R. J. Strutt. His results (as corrected by 
Eve and Mcintosh for the use of an erroneous 
constant) showed the average radiiun content 
of 28 igneous rocks from different parts of the 
world to be 1.7x10-" per gram of rock and 
that of 17 sedimentary rocks to be 1.1x10"" 
gram. Joly, who shortly afterward b^an a 
much more extensive survey, obtained results 
several times as large as Strutt's, the disparity 
being apparently due to the use of different 
methods of bringing the specimens into solu- 
tion. As other investigators have obtained 
results approximating Strutt's, and as Joly's 
recent determinations are considerably lower 
than his earlier ones, it seems probable that 
most of the earlier results should be rejected. 

The accompanying table shows the average 
radium content of groups of comparable rocks 
from all over the world, as determined by 
several investigators. Most of Joly's earlier 
determinations have been omitted. Although 
future work will undoubtedly modify the mean 
values somewhat, a sufficient number of deter- 
minations have now been made to permit a fair 
estimate of the radium content of the earth's 
surface rocks. 

i> 1^2X10"^' grams per gram equals one hundred and fifty-two tri}- 
lloDths of 1 per oent. The radium content of ordinary natural substances 
is of this order of magnitude. 

>< Sanderson, J.' C, Radioactive content of certain Minnesota soils: 
Am. Jour. 8cL, 4th aer., yoL 39, p. 301, 1916. 
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Radium content of rocks. 



Rock. 



l^eouB rocks: 

Granites and syenites . 

Granit€6 and porphyries 

Granites (Arcnean) , 

Rhjrolites 

Obsidian 

Nephelite rocks 

Recent volcanic rocks . 

Various types 

Various types 

Diorites and similar rocks. . 

Basic rocks 

Basalts 

Basic rocks (Archesm) 

Basalts 

Acidic rocks (composite 
sample). 

Intermediate rocks (com- 
posite sample). 

Basic rocks (composite 
sample). 



Metamorphic rocks: 

Schist and gneiss 

Gneiss (composite sample) 

Schists (sedimentary) 

Quartzite 



Locality. 



Various 

Sub- Antarctic islands . 

MvBore, India 

Yellowstone Park, U. S. A, 

do 

Montreal, Canada 

Various 

Sumatra 

Borneo 

Various 

do 

The Deccan, India 

Mysore, India 

England 

Various 



Nmnber 
of speci- 
mens. 



do. 
do. 



Quartzite and graywacke. 
Slates and phyllites 



Scotland 
Various.. 

do... 

Dublin.. 

Various.. 

do... 



Various. 



do. 
do. 



Sedimentary rocks: 

Sandstones (composite 

sample). 

Sandstones 

Sandstones, slates, chalk, 

etc. 
Slates and shales (compos- j do. . . 

ite sample). ' 

Sandstones and sandy ■ Limbuig 

shales. ' 

Limestones and marbles Europe . . 

Limestone, dolomite, chalk. Various. . 



Miscellaneous: 

Globifferina ooze. 
Radioisrian ooze 



Atlantic and Pacific oceans 

Central Pacific Ocean 



Hot-spring deposits ' Yellowstone Park, V. S. A, 

Coal 

Do Northern France 



10 
7 

16 
4 
2 
4 

12 

10 

17 
7 

11 
6 

21 
4 

86 

48 
31 



296 



3 
14 
9 
2 
9 
16 
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Radium 

(grams X 

10-" per 

gram of 

rock). 



39 

24 
17 

20 I 

8 

10 

24 



142 



4 
2 

29 
1 

5 



3.33 

2.1 

L5 

2.3 

L9 

2.16 

7.1 

L6 

L7 

L16 
.53 

4.3 
.24 
.37 

3.01 

2.57 
1.28 



Equiva- 
lent value 
of uranium 
(grams x 
10-4). 



2.3 



6.7 
2.1 
LI 
.7 
1.5 
L3 



L7 



1.5 

L5 
LI 

L5 

L7 

L4 

.8 



L3 



3.3 
13.1 
2.9 

< .23 



0.7 



0.5 



0.4 



Observer. 



Strutt.a 

Fair and Florance.^ 
Smeeth and Watson, c 
Schlundt and Moore. ^ 
Do.d 

Eve and Mcintosh. « 

Joly./ 

BQchner.9 

Do.* 
Strutt.<» 

Do.o 
Joly./ 

Smeeth and Watson. <^ 
Strutt.* 
Jolv.; 

Do J 

Do.i 



Joly./ 
Do.i 

Fletcher.* 
Do.t 
Do.* 
Do.* 



' Joly.i 

Fletcher.* 
Strutt.« 

Joly.i 
Btlchner.A 

Do.' 
Fletcher.* 



Jolv.i 

■ Do. 
Schlundt and Moore.'' 
Fletcher.* 
Moureu and Lei>ape.'" 



a Stmtt, R. J., On the distribution of radium in the earth's crust and the earth's internal heat: Roy. 8oe. London Proc, ser. A, voL 77, p. 
472, 1900; voL 78, i». 150, 1900. For corrected results see Eve. A. S., and Mcintosh, D., The amount of radium present in typical rodcs in the im« 
mediate neidiborhood of Montreal: Philos. Mas. , 6th ser. , vol. 14, p. 23L, 1907. 

b Farr, C. C, and Florance, D. C. H., On the radium content of certain igneous rocks from the Sub-Antarctic Islands of New Zealand: Philos. 
Mag., 6th aer., voL 18, p. 812. 1909. 

< Smeeth, W. F., and Watson, H. E., The radioactivity of Archean rocks from the Mysore State, India: Philoa. Mag., 6th ser., voL 35, p. 
a06, 1918. 

d Schhmdt, Herman, and Moore, R. B., Radioactivity of the thermal waters of Yellowstone National Park: U. S. GeoL Surrey BulL 395, 
pp. 25-26, 1909. 

<£ve, A. S., and Mcintosh, D., The amount of radium present in typical rocks in the immediate nei^borhood of Montreal: Philos. Mag., 
tth ser., voL 14. p. 331 , 1907. 

/ Joly. J., Radioactivity and geolocv, pp. 42-60, London, 1909. 

g Bdcnner, B H., Investigations oithe radium content of rocks: K. Akad. Weten. Amsterdam Proc, voL 13, pL 1, p. SSO, 191QL 

k Bfldiner, E.H., idem, vol. 14, pt. 2, p. 1063, 1912. 

i Stmtt, R. J. On the radium content of basalt: Roy. 8oc. London Proc, ser. A., vol. 84, p. 377, 1910. 

i J<dy, J., The radioactivity of terrestrial surface materials: Philos. Mag. , 6th aer.. vol. 34, p. 6M, 1913. 

^ Fletcher, A. L., On the radium content of secondary rocks: Philos. lug., 6th ser., voL S, p. 279, 1912. 



I Bflchner, E. H., op. cit., vol. 13. pt. 2, p. 818, 1911. 
« MoaiBQ, C, and Lepape, A., Hettum det grisoos et 



radioactivity des houilks: ConpL Rend., toL 158. p. 5B8, 1914. 
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The figures given indicate that the igneous 
rocks are distinctly richer in radium than the 
sedimentary rocks, and that the metamor- 
phosed varieties of both classes occupy, as 
would be expected, an intermediate position. 
Among the igneous rocks the acidic types are 
notably the richest, and the intensive studies 
of Smeeth and Watson in the Mysore State 
indicate that radium is distinctly subject to 
magmatic differentiation. Basic varieties are 
generally poor in radium, the only exceptions 
noted being the Deccan traps investigated by 
Joly. Among sedimentary rocks the lime- 
stones appear to be somewhat poorer than the 
sandstones and shales, though the difference 
is not marked. The deep-sea deposits exam- 
ined by Joly are exceptionally rich in radium. 
Hot-spring deposits appear in general to be 



ing plays an important part in reducing the 
radium content. In this connection Joly 
cites a determination of a sample of sand from 
the Arabian Desert which showed only 0.4 X 
10~" gram of radium. 

The distribution of thorium in the earth's 
crust has imtil recently received little atten- 
tion, and few data regarding it are available. 
The composite samples of igneous rocks made 
up by Joly and tested by him for radium have 
been examined for thorium by Poole, and these 
determinations, together with a number of 
others, are given in the accompanying table. 
In general the distribution of thorium is similar 
to that of raditun; the acidic igneous rocks are 
richer than the basic, and the argillaceous sedi- 
ments are richer than the sandstones and far 
richer than the limestones. 



Thorium content of rocks. 



Rock. 



Igneous rocks: 

Lavas, recent. 

Granites, gneissic — 

Acidic rocks, composite ...... 

Intermediate rocks, comjK)sit<e. 
Basic rocks, comix)site 



Metamorphic rocks: 

Schists 

Altered sediments. 



LocaUty. 



Various 

St. Gothard tunnel. 

Various 

do 

do 



St. Grothard tunnel. 
do 



Sedimentary' rocks: 
Calcareous rocks. . 

Sandstones 

Argillaceous rocks. 



Various. 

do.. 

do.. 



Number 
of speci- 
mens. 



8 
11 
86 
48 
56 



209 



21 
19 



40 



Thorium 
(l?rams x 

10-«per 
gram of 

rock). 



1.6 
1.85 
2.05 
1.64 
.56 



1.5 



1.18 
.77 



1.0 



34 
13 
18 



65 



<.07 

.54 

1.14 



.5 



Observer. 



Joly.« 
Do.fl 

Poole. «» 
Do.«» 
Do.ft 



Joly.o 
Do.« 



Jolv.c 
'Do.c 
Doc 




somewhat radioactive, though Schlundt and 
Moore point out that probably only radium is 
deposited by the waters, and as it is not sus- 
tained by uranium, as in normal rock, its 
activity soon decreases, and the amount re- 
maining depends chiefly on the age of the 
deposit. The few specimens of coal exam- 
ined are surprisingly low in radium. The 
average radium content of rocks is consider- 
ably higher than that of the soils already re- 
ferred to, a fact which indicates that weather- 



As thorium is the parent of its series, whereas 
radium is simply an intermediate member of 
the uranium series, the figures cited give little 
idea of the relative importance of the two 
groups of radio-elements. As the ratio of 
radium in equilibrium with uranium is 3.4 X 
10""^, the radium determinations may be calcu- 
lated in terms of uranium and compared di- 
rectly with the figures for tnorium. The fol- 
lowing table shows the thorium content of the 
four composite samples of igneous rocks dete^ 
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mined by Poole and the uranium content of 
the same samples calculated from the radium 
values obtained by Joly : 

Thorium and uranium content o/igneau9 rock, 
[GramsxiO-^ per gnm of rock.] 



Giaiiit<« and acidic intrusive and 
volcanic rocks (86) 

Syenites, dioriteis, trachytes, and 
porph^Ties (48) 

Basalts, gabbros, diabases, and no- 
rites (56) 

Lavas, Vesuvius (7) 



Thorium. 


Umnium. 


2.05 


o.a<^ 


L64 


.78 


.56 
2,36 


.38 
3.70 



Exclusive of the lavas, the average thorium 
content in the three groups is 1.42x10"*, 
whereas the average uranium content is about 
half that figure, or 0.68 X 10-*. If the general 



uranium and 1.5 of thorium; for metamorphic 
rocks 0.5 of uranium and 1.0 of thorium; and 
for sedimentary rocks 0.4 of uranium and 0.5. 
of thorium. The average thorium content 
of all rocks therefore appears to be about 
twice as great as the average uranium content, 
and it is very evident that thorium, which 
until recently was neglected entirely in geo- 
physical calculations, must be taken into 
account." 

Determinations of the radioactivity of a 
great many spring waters have been made, 
chiefly in connection with therapeutic studies, 
but such measurements have little geochemical 
significance and only a few will be considered 
here. Ordinary springs of shaQow ground 
water usually show only slight activity, but 
many hot springs or olier deep-seated flows 
that are rich in the less common mineral 



Radioactivity of mineral waters. 



Imperiial Sinring. 
Arsenic Spring.. 
Dripping Spring. 
Sweet Springs. . . 
Hot River 



Location. 



Hot Springs, Ark. . 

do 

do 

Sweet Springs, Mo. 
Yellowstone Park. . 



White Suli^ur Spring do 



do 

do 

do 

Columbia, Mo. 
Bath, England 
Gastein, Austria. 



Mushroom Pool 

Bench Spring 

Njmph Spring 

City well (deep) 

King's well 

Grabenbackerquelle . 

Eisenquelle ! Karlsbad, Austria 

Muraueile Baden-Baden, Germany. 

Walaquelle Marienbad, Austria 

Vauquelin Plombi^res, France 

D'Alun Aix-les-Bains, France... 

Yunokubo Masutomi, Japan 

Furo-sen Beppa, Japan 



Radium (gramsXlO-u). 



Per liter of 
water. 



O904.4 

081.3 

a 27. 2 

080.5 

144.0 

124.0 

38.0 

24.0 

26.3 

05.0 

13.9 

a 620.0 

fflSS.O 

996.0 

al8.3 

9178.4 

g 224.0 

9, 001. 2 

6.6 



Per liter of 
gas. 



26.2 

287.0 

139.0 

7.3 



92,266.0 



943.6 

9208.0 

664.0 



Obsenrer. 



Boltwood.6 

Do.& 

Do. 6 
Moore and Schlundtc 
Schlundt and Moore.^ 

Do.tf 

Do.d 

Do.d . 

Do.<« 

Do.« 
Ramsay./ 
Mache.A 
Engler and Sieveldng. < 

Do.< 
Mache and Meyer, i 
Curie and Laborde.^ 

Do.* 
Ishizu. I 

Do.Z 



a OritfliiaUy stated In terms of uranium. 

fr Boftwood, B. B. , On the radioactive properties of the waters of the springs on the Hot Springs Reservation, Hot Springs, Ark. : Am. Jour. 
8cL, 4th ser., vol 20, p. 128. 1906. 

c Moore, R. B., and Scnlundt, Herman, On the radioactivity of some natural waters of Mlssouil: Am. Eleetrochem. Soc. Trans., vol. 8, p. 291, 
1906. 

d Seblnndt, Hennan.and Moore, R. B., Radioactivity of the thennal waters of YeUowstone National Park: U. S. Oeol. Survey Bull. 996, 
1909. 

c Schlundt, Herman^d Moore, R. B., Radioactivity of some deep welland mineral waters: Jour. Phys. Chem., vol. 9, p. 320, 1905. 

/ Ramsay. William, Report on the mineral waters of Bath: Chem. News, vol. 106, p. 133, 1912. 

g Originally stated in terms of electrostatic (Mache) units; here recalculated by thenseofthefsctor 1 gram radium —2.6X10* Madie units. 

* Mache, H., txber die Radioaktivitiit der Oasteiner Thermen: K. Akad. Wiss. Wien Sitxuiigsber., vol. 113, Abt. 2 a, p. 1329, 1904. 

f En^er, C.,and Sleveking, H., Der Radioaktivitat der MinerakiuellenrChem. Zeitnng, voL 31, p. 813, 1907. 

7 Madie^ H., and Meyer, &, iJber die RadioaktlvitJit der QueUen der b6hmischen Mdergruppe: K. Akad. WIss. Wlen Sitzungsber., vol. 114, 

thermales: Compt. Rend., vol. 142, p. 1482, 1906. 



Abt.2a,p. i65/l906. 



L2a,p. 356, 1W6. 

k Cune, Fj, and Laborde. A., Snr la radioactivity des eas qui proviennent de I'eau des sources 

I IshizQ, B., The mineral springs of Japan, p. 164, ToKyo, 1915. 



averages of all uranium and thorium determi- 
nations given in the tables on pages 55-56 
are considered, the ratios are about the same. 
Computing the uranium values as before, we 
find (in grams X 10"^) for igneous rocks 



0.7 constituents are highly radioactive. The 
above table contains measurements of the 
activity of some well-known mineral springs 

u Joly, J., The radioactivity of terrestrial surtaoe materials: Philos. 
Mag., 6th ser., vol. 24, p. 694, 1912. 
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and suffices to show the average degree of 
activity of such flows.*" The gas emitted by 
.such springs b generally richer in radium 
emanation than the waters.*^ 

The radioactivity of petroleum and natural 
gas has been investigated to some extent and is 
of particular interest in connection with the oc- 
currence of helium in natural gas. The ac- 
tivity of petroleum was discovered by Burton/' 
who examined samples of oil from a well near 
Petrolia, Ontario, and his observations were 
soon confirmed by Himstedt** and by Elster 
and Geitel.*^ Burton concluded that the ac- 
tivity of the oil was due to radium products 
and su^ested that the oil might also contain 
radium itself. This was denied by Engler,** 
who examined many samples of European oils 
and found that altiiough most fresh samples 
are active, those which have been kept for 
some years show no activity, indicating that the 
effects are due to the emanation alone. Hur- 
muzescu " found the light oils of Rumania to 
be more active than the heavier ones. Him- 
stedt observed that the emanation is much 
more soluble in crude oil than in water, and 
Boyle " found that radium emanation is about 
50 times as soluble in refined petroleum oils 
as in water. Apparently, therefore, the 
activity of petroleum is due simply to its 
faculty of absorbing emanation from the sur- 
rounding rocks. 

!• Tbe papers dted in the table contain a great many more detennina- 
tions than are here shown. Other measurements are given by Curie, 
Mme. P., Traits de radioactivity, vol. 2, p. 497, Paris, 1910; Steveking 
and LautenschlAger, Uber Helium in Thermalquellen und Erdgasen; 
Physikal. Zeitschr.,vol. 13, pt. 2, p. 1043, 1912; Mache, H., and Meyer, 
8., D^berdieRadioactiviatOsterreichischer IThermen: Physikal. Zeitschr., 
vol. 6, p. 602, 1905; Blanc, G. A., Radioactivity of mineral springs: 
Philos. Mag., 6th ser., vol. 9, p. 148, 1905; Batelli, A., Oochlalini, A., 
and Chella, S., Untersuchungen ilber Radioaktivit&t: Physikal. Zdt- 
schr., vol. 8, p. 65, 1907; Himstedt, F., t^ber die radioaktive Emanation, 
der Wasser- und 5lqueUen: Physikal. Zeitschr., vol. 5, p. 210, 1904; 
Henrich, F., Untersuchungen ilber die Thermalquellen von Wiesbaden 
und deren RadloaktiviUt: Physikal. Zeitschr., vol. 8, p. 112, 1907. 

17 See Schlundt, H., and Moore, R. B., Radioactivity of the thermal 
waters of Yellowstone National Park: U. S. Oeol. Survey Bull. 305, 
1909; Moureu, C, and Lepape, A., La radioactivity des sources thermales 
de Bagn^res-de-Luchon: Compt. Rend., vol. 148, p. 834, 1909; Mache, 
H., and Meyer, 8., op. cit. 

u Burton, E. F., A radioactive gas from crude petroleum: Philos. 
Mag., 6th ser., vol 8, p. 498, 1904; Uber elnaus Rohpetroleum gewonnenes 
radioaktives Oas: Physikal. Zeitschr., vol. 5, p. 511, 1904. 

u Himstedt, F., t)ber die radioaktive Emanation der Waaser- und 
(^Iquellen: Annalen der Physik, 4th ser., vol. 13, p. 573, 1904; Physikal. 
Zeitschr., vol. 5, p. 210, 1904. 

^ Elster, J., and Geitel, H., Sur la radioactivity de I'atmosph^re et du 
sol: Arch. sd. phys. nat, 4th ser., vol. 17, p. 13, 1904. 

» Engier, C, Beitrftge sur Chemie und Physik der ErdOIbildung: 
Petroleum Zeitschr., vol. 2, p. 849, 1907. 

o Hurmuzescu, Dragomir, Sur la radioactivity du p^trole: Cong, in- 
temat. p^trole, Bucharest, 1907, Compt. rend., M4m., voL 2, p. 771, 1910. 

» Boyle, R. W., Note on the solubility of radium emanation in liquids: 
Roy. Soc. Canada Trans., 3d ser., vol 3, sec. 3, p. 75, 1900. 



Unfortunately, most determinations of the 
radioactivity of oils are only qualitative or are 
expressed in arbitrary units, but the following 
are given in terms comparable to those used 
in the foregoing tables: 

Radioactivity of oil and gfu from the Nishiyamafieldy Jajtanfi 



Wen. 



R. 22, Takiya... 
R. 7, Nagamine. 



Radium (gnmsXKTV). 



Per liter 
of oil 



166 
144 



Per liter 
ofgas. 
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a cited by Ishlxu, R., The mineralsprin^ of Japan, p. 180, Tokyo, 191i 

The radioactivity of natural gas was first ob- 
served by McLennan,'* who tested a number of 
samples from the Welland and Brantford dis- 
tricts in western Ontario. Gas from the Ni- 
agara rocks, at a depth of 500 feet, was more 
active than any other examined, and gas from 
the Medina rocks at 900 feet ranked next to the 
Niagara gas. Samples from the Clinton sand 
at 750 feet were less active than those from the 
Medina, and the least active were those from 
the Trenton limestone at a depth of 3,000 feet. 
McLennan's observations seem to show an 
irregular but pronounced decrease in radio- 
activity with increase in depth, which may 
be significant in connection with the usual 
decrease in helium content with increase in 
depth, as described on pages 23-24. The radio- 
activity of a few samples of European natural 
gas, expressed in arbitrary units, is given on 
page 34. 

The radioactivity of the atmosphere itself, 
which was first observed by Elster and Geitel, 
has been studied by many investigators.** It 
has been found that both radium and thorium 
emanation are present in the atmosphere, but 
that the amount differs in different locaUties 
and also varies greatly in relation to meteoro- 
logic conditions. In order to eliminate the 
meteorologic factors as far as possible and 
measure the emanation itself, Eve and Satterlj 
used charcoal to absorb the emanation from a 
known quantity of air for a period of some 
hours or days, and Ashman condensed the 

M McLennan, J. C, On the radioactivity of natural gas: Nature, vol 
70, p. 151, 1004. 

B Elster, J., and Geitel, H., op. dt Wegener, Alfred, UntersaehDngeD 
aber die Natur der obersten Atmoflphlrensdiicfaten: Fhysikai. Zeitschr., 
voL 12, pt 1, pp. 170, 214, 1911. Sdiank, Ridiaid, Radioaktive Eicen- 
scitaften der Luft,de8 Bodens ond des Wassersin und um BaUe: Jabrb. 
Radioaktivit&t u. Electronlk, Band 2, Heft 1, p. 19, 1906. 
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emanation directly by means of liquid air. The 
results are as foUows: 

Radium emanation in the atmosphere. 



L4M!ftUt7. 



Montreal.. 

Cambridge. 

Chicago... 



Radium 

(grams X 

10-" per 

cane 

m«ter). 



60 

100 

89 



Observer. 



Eve.a 
Satterly & 
Ashman.c 



« Et«, a. 8.. On the amount of radium emanation in the atmosphere 
near the earth^s surtsce: Philos. Mag., 6th ser., vol. 16, p. 622, 1908. 

b Satterly, John, The amount of radium emanation In the atmosphere: 
Fhlloa. Mag., eth ser., vol. 16, p. 684. 1906^ 

c Ashman, G. C. A quantitative determination of the radium emana- 
tion in the atmoqpiiere: Am. Jour. ScL, 4th ser., voL 26, p. 119, 1906. 

The mean of these determinations is 
83X10^*^ grams of radium per cubic meter; 
and according to Rutherford,'* if it is assumed 
that this quantity is constant up to a height of 
10 kilometers, the quantity of radium necessary 
to keep up the supply is about 1 gram per 
square kilometer of the earth's surface. San- 
derson'' found that the air drawn from deep 
in the soil at New Haven contains emanation 
equivalent to 2.4 X 10~" grams of radium and 
1.35 X 10^ grams of thorium per cubic centi- 
meter. 

A number of measurements of the radium 
content of sea water have been made, but the 
results are not satisfactorily concordant. 
Joly,^ on the basis of 24 determinations, con- 
cluded that the average radium content is 
0.017 X 10~" grams per cubic centimeter, indi- 
cating a total oceanic content of 20,000 tons of 
radium, whereas Eve,** who examined six 
samples from the Atlantic, obtained an average 
value of only 0.0009X10"" gram per gram. 
Joly j*® in a more recent calculation, has adopted 
the intermediate figure 0.004x10"" gram of 
radium per cubic centimeter of sea water, 
which he finds represents roughly the differ- 
ence between the total quantity of adium 
brought into the ocean by the denudation of 
igneous rocks and the total quantities now 
found in sedimentary rocks and oceanic sedi- 
ments. 

M Rutherford, E., op. cit., p. 634. 

tt Saxiderson, 7. C, The probable influence of the soil on local atmos- 
pheric radioactivity: Am. Jour. Sci., 4th ser., vol. 32, p. 169, 1911. 

»Jolj, J., Radioactivity and geology, p. 46, London, 1909; On the 
radium oontent of sea water: Philos. Mag., 6th ser., voL 18, p. 396, 1909. 

» Eve, A. S., On the amount of radium present in sea water: Philos. 
Mag., 6th ser., vol. 18, p. 102, 1909. 

xjoly, J., RadioaotiTity of terrestrial surface materials: Philos. Mag., 
6th ser., vol. 24, p. 704, 1912. 



BSTIKATXS or HSLIUIC PBODVOTIOH. 

From the forgoing data on the distribution 
of the radio-elements in the earth's crust it is 
possible to obtain a general idea as to the quan- 
tity of helium produced in the normal course of 
radioactivity. Although the estimate is nec- 
essarily based on incomplete data, the value 
of the conclusions is enhanced by the fact that 
two entirely independent calculations led to 
fairly concordant results. The first calculation 
given below is based on the rate of loss of the 
earth's heat, and the second on the observed 
distribution of the radio-elements in the rocks. 

If the rocks in the interior of the earth con- 
tain as much radium as the surface materials, 
the heat so generated would be many times 
as much as the earth gives off; hence it is nec- 
essary to assume also that most or all of the 
radium is concentrated in a comparatively thin 
surface layer, probably only 8 or 10 miles 
thick. Many authorities, however, believe 
that all the heat lost annually by the earth 
is compensated by radioactive processes, and 
this assumption furnishes a convenient basis 
for a calculation of the volume of helium so 
generated. 

The simplest calculation may be based on 
the common though erroneous assumption that 
radium and its immediate products are the 
only elements concerned. If the average 
geo thermal gradient is taken to be 1° F. ra 64 
feet, and the average conductivity of the rocks 
to be 0.0058, the amount of heat lost annually 
per square ctotimeter of the earth's surface is 
41.4 calories." As 1 gram of radium yields 
134.4 calories an hour,** or 1,177,344 calories 
a year, it is evident that there must be 3.5 X 10"* 
gram of radium beneath each square centi- 
meter to maintain this loss of heat. One 
gram of radium emits 158 cubic milhmeters of 
helium a year; and there are 51 X 10*^ square 
centimeters in the earth's surface. Then 
(3.5 X 10-*) X 158 X (51 X 10^^) = 28,203 X 10" 
cubic millimeters of helium. That is, 28.2 
million cubic meters of heUum ia produced an- 
nually by the decay of radium on the assump- 
tion that the loss of heat from the earth is com- 
pensated by that generated by radium. 

ti This figure was adopted in 1882 by the committee on underground 
temperatures of the British Associaticm for the Advancement of Science 
and according to C. E. Van Orstrand, who has made a careful study of 
geothermal gradients, the data that have since been gathered indicate 
that it is sufficiently near correct for the purposes of this calculation. 

n Rutherford, E., Radioactive substances and their radiations, p. 681, 
Cambridge, 1913. 
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As some heat is generated by other members 
of the uranium series, however, and as thorium 
is even more widely distributed than uranium, 
it is obvious that a more nearly correct result 
may be obtained if all the radio-elements are 
taken into account. As shown on page 57, the 
average ratio of thorium to uranium in igneous 
rocks is about 2 to 1 ; in other words, each aver- 
age gram of radioactive material consists of 
two-thirds of a gram of thorium, in equilibrium 
with its products, and one-third gram of iu*a- 
nium, also in equilibrium. Thorimn in equi- 
librium generates 2.7x10"^ calories an hoiu:, 
and uranium 7.7x10^ calories an hour;" 
hence the average gram of radioactive mate- 
rial generates 4.4x10"^ calories an hour, or 
0.385 calories a year. If we take the loss of 
heat from the earth at 41.4 calories per square 
centimeter, it is evident that there must be 
107.5 grams of the thorium-uranium mixture 
beneath each square centimeter, or 35.8 grams 
of uranium and 71.6 grams of thorimn. From 
the data given by Rutherford*^ it follows that 
the helium generated by these quantities of ura- 
nium and thorium is 616x10"* cubic milli- 
meters a year, which, multiplied by the num- 
ber of square centimeters in the earth's surface 
(51x10^^), gives 31.4 million cubic meters of 
helium per year. 

The second method of calculation is based 
on the observed quantity of the radio-elements 
in surface rocks and on the assumption that 
these elements occur only in an outer layer of 
the earth's crust 10 miles thick. In such a 
calculation the metamorphic and sedimentary 
rocks and the oceanic sediments in sea water 
may be neglected, the average value for the 
igneous rocks alone being used. From the 
tables on pages 56 and 57 the average value of 
uraniimi per gram of igneous rock is seen to be 
0.7 X 10~* gram and that of thorium 1.5 X 10"* 
grams. One gram of uranium in equilibriiun 
emits 1 1 X 10"^ cubic millimeters of helium a 
year, and 1 gram of thorium 3.1x10"**^ cubic 
millimeters; hence the total helium generated 
per year per gram of rock is 12.4 X 10~* cubic 
millimeters. Assuming the average density 
of the outer layer of the earth's crust to be 2.5, 
we may compute that the weight of this layer 
is 10,421,615X10' grams per cubic mile, from 
which it follows that 12,923 cubic centimeters 
or 0.456 cubic foot of helium is generated per 

ss Rutberfordf E., op. cit., p. 583. *» Idem, p. 660. 



year per cubic mile. The surface of the earth 
is 1.97 X 10* square miles, and a layer 10 miles 
deep contains about 19.7x10* cubic miles. 
The total helium generated annually in this 
layer is thus 8.98x10* cubic feet, or 25.4 
million cubic meters. 

If it is desired to estimate the helium pro- 
duced in a restricted field, where the sedimen- 
tary rocks form a layer about 1 mile thick, the 
average uranium value for a block 10 miles 
deep may be reduced to 0.67 X 10"^ gram and 
the thorium value to 1.4 X 10"* grams. On the 
other hand, the density of the rocks may be 
taken at 2.7, and the resulting figure is 0.465 
cubic foot of heliimti per year per cubic mile, 
which is only very slightly larger than the 
average figure derived above. 

The foregoing estimates are all based partly 
on assumptions and of course may be consid- 
erably in error. Becker,'* for example, main- 
tains that only about 25 per cent of the heat 
lost by the earth is generated by radioactivity, 
and if his view is correct the first two estimates 
would be reduced to 7 or 8 million cubic meters. 
Nevertheless, it seems safe to conclude that 
somewhere between 8 and 30 million cubic 
meters (282 to 1,060 million cubic feet) of he- 
lium is generated annually by radioactive pro- 
cesses. The bearing of this fact on the origin 
of the heliiun in natiural gas is discussed on 
page 62. 

THEORIES OF THE ORIGIN OF HELIUM IN 

NATURAL GAS. 

REVIEW OF DATA. 

In the foregoing pages the writer has en- 
deavored to describe the geologic conditions 
under which helium-bearing natural gas oc- 
curs, and to review rather fully the occurrence 
of helium in other materials, in order to per- 
mit the reader to form his own judgment as to 
the most plausible hypothesis of the source 
and origin of the helium. At present this is 
all that can be done, for although the data 
are labundant in some respects, they are de- 
ficient in others and the evidence is not whoUv 
concordant. It is apparent that considerable 
geochemical work will be necessarv before anr 
one hypothesis can be accepted; and it is the 
writer's purpose, in discussing the several 
hypotheses in the following pages, to point 

*< Becker, O. F., Isostasy and radioactivity: 0«ol. Soc. Amerirt 
BuU., vol. 26, p. 201, 1915. 
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out some of the ways in which the problem 
can best be attacked.' 

Before proceeding to the discussion of 
hypotheses it will be convenient to present, by 
way of recapitulation, the data already given. 

&BVIBW or THB OCCURBSirCBS OF HSLXUIC. 

I. Observed Occurrences. 

▲. IN NATURAL OA8. 

(a) United StaUa. — Helium constitutes from 0.5 to 2 per 
cent of certain nitrogen-rich natural gases in Kansas, 
Oklahoma, and Texas and occurs in smaller proportions 
in the gases of many other districts. The gases richest in 
helium are confined to strata of upper and middle Pennsyl- 
vanian age and occur close to the surface, the helium 
content usually decreasing with increasing depth. Gases 
containing from 0.25 to 0.5 per cent of helium occur in the 
lower Pennsylvanian of the Mid-Continent area, in the 
MisFdsHJppian and Silurian of Ohio, and in the Cretaceous 
of Montana, although in general the pre-Pennsylvanian 
gases are poor in helium, and the Cretaceous and Tertiary 
gases carry only traces or none at all. The helium-rich 
areas are not marked hy igneous activity or by unusual 
structural conditions. There is no evidence as to whether 
or not the rocks in these districts are abnormally radio- 
active. 

(6) Europe, — ^Helium has been detected in European 
natural gas in proportions as great as 0.38 per cent. The 
richest gas was found in a deep test hole in Alsace, probably 
in lower Mesozoic strata; the Tertiary gas in this locality is 
very xxx>r in helium, and the Tertiary gases of Germany, 
Austria, Italy, and Transylvania are also poor. The 
helium content of these gases appears to vary roughly as 
their radioactivity. 

B. IN MINERALS AND ROCKS. 

A great variety of minerals have been found to contain 
at least traces of helium, and apparenUy only a few 
species are helium-free. Minerals rich in the radio-ele- 
ments may contain several times their own volume of 
helium ; ordinary rock-forming minerals are usually poor. 
In general the amount of helium in a mineral is propor- 
tional to its radioactivity and increases with age, indicat- 
ing that the helium has been generated by the decay of 
the radio-elements; but certain beryls contain far more 
helium than can be explained in this way. 

C. IN MINE OASES. 

The gases of French and Belgian coal mines carry 
helium, and though the proportion is small the total 
volume emitted yearly is large. The coals themselvee 
are very {xwr in the radio-elements, and heliimi is evidenUy 
not being generated in the coal nearly as fast as it is being 
emitted. There is, therefore, no evidence to connect the 
helium in the mine gases with radioactivity. 

D. IN MINERAL-SPRING GASES. 

The gases of many European mineral springs contain 
helium in proportions as great as 10 per cent. The vol- 
umes of helium emitted yearly by some of the springs 
represent all the helium that would be generated yearly 



by many tons of radium; hence this helium, like that in 
mine gases, probably represents the overflow or leakage 
of a great underground accumulation. Furthermore, the 
proportion of helium in the gases bears no relation to their 
radioactivity. 

E. IN VOLCANIC OASES. 

Small jyroportions of helium occur in the gases of cer- 
tain Italian fumaroles, where there is no evidence to con- 
nect it directiy with radioactivity. 

F. IN THE ATMOSPHERE. 

Helium constitutes 0.0004 per cent of the atmosphere 
near the earth's surface. In the upper atmosphere its 
proportion is greater. 

G. IN CELESTIAL BODIES. . 

Helium is a prominent constituent of the solar chromo- 
sphere and of many nebulae and stars, though the radio- 
elements have not been identified with certainty in any 
celestial bodies. 

II. Interred Occurrences. 

As the radio-elements generate helium in the course of 
their spontaneous disintegration, each occurrence of radio- 
active material connotes the presence of helium; but the 
radio-elements, because of their activity, can be detected 
in tsLT smaller quantities than can the helium to which 
they give rise. The radio-elements are very widely dis- 
seminated through terrestrial materials, being present in 
minute proportions in practically all minerals and rocks, 
in the atmosphere, and in river and ocean water. Most 
petroleum and natural gas apparently contains some ra- 
dium emanation. The helium generated by the radio- 
elements disseminated through ordinary rocks amounts to 
almost half a cubic foot per year per cubic mile of rock. 

From the foregoing evidence certain broad 
conclusions may be drawn as follows: 

1.. The helium in most minerals is probably of radio- 
active origin; and as the radio-elements aro disseminated 
through ordinary rocks in proportions sufficient to generate 
large voltunes of helium in the coiuse of a few million years, 
much of the helium in rocks has probably also originated 
through radioactivity. 

2. As helium is very prominent in celestial bodies, 
whereas the radio-elements are not, it is probable that 
helium can and does occur in the universe entirely apart 
from the radio-elements, and that these elements may be 
regarded as compounds of helium and lead which form only 
under certain conditions. Accosdingly, much of the 
heliiun in the earth may never have been associated with 
the radio-elements and may be primordial helium. 

As the volumes of helium in some mineral-spring and 
mine gases are so laige that incredible quantities of the 
radio-elements would be necessary to generate the helium 
as fast as it is emitted, it is probable that there are great 
stores of helium underground, the leakage or overflow of 
which appears in the spring and mine gases. These stores 
of '^fossil " helium may be accumulations of the small vol- 
umes liberated by the disLat^jation of radio-elements 
through geologic time or they may in large part be pri- 
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mordial. The helium in natural gas may therefore be pri- 
mordial or it may have been liberated through the decay 
of the radio-elements. Ab a great volimie of helium is con- 
tained in the atmosphere there is the third possibility — 
which is not concerned with the ultimate origin of the el^ 
ment — ^that the helium in natural gas has in some way been 
derived from the atmosphere. 

BEBIVATION THBOTTOH SADIOACTIVITT. 

V088EL KSUUM. 

Since it was discovered that the alpha rays 
given ofT by the radio-elements are helium atoms 
it has been tacitly assumed by most scientists 
that all helium is the product of radioactivity. 
Even Moureu, who has plainly shown that the 
helium emitted by certain mineral springs can 
not be the product of contemporaneous radio- 
activity and who therefore regards it as '^fossil" 
helium, apparently believes that this fossil 
helium is simply the accumulation of the small 
volimies of the gas liberated by the radio- 
elements during geologic time. It was natural, 
therefore, that Cady and McFarland, when 
they annoimced their discovery of helium in 
natural gas, should surest that it originated 
in the decay of the minute quantities of radium 
disseminated through the rocks. 

It is obvious that the heliimi in natural gas 
presents a problem different from that of the 
helium given off by mineral springs, for the 
emission of gas by the springs is a natural phe- 
nomenon which has been proceeding at least for 
many centuries, whereas the release of helium 
from the natural gas reservoir is artificial, its 
rate depending on the number of gas wells 
drilled. It would therefore be absurd to sup- 
pose that the supplies of helium ia natural gas 
are being replenished undergroimd as fast as 
they are brought to the surface, and it must be 
recognized at the outset that .the helium in 
natural gas represents the accumulation of ages 
and is, to use Mom-eu's term, fossil heliiun. 

DXBIVATIOH FSOM HORXALLY DISSEMnrATZD 

aADIO-ELSMXVTS. 

In order to test 'the theory briefly suggested 
by Cady and McFarland, that the helium has 
been derived from the disintegration of the 
radio-elements disseminated in normal quan- 
tities through the rocks, an examination of 
conditions in the Petrolia field, in Texas, will 
be convenient. According to independent esti- 
mates by E. W. Shaw and the writer (see p. 88), 
the Petrolia field originally contained about 120 



billion cubic feet of natural gas^ and as the per- 
centage of helium in the' gas is 0.93, the total 
helium must have been a little over 1 billion 
cubic feet. The producing area at Petrolia is 
about 10 square miles, but the gas probably 
represents the accumulation from an area of 
about 25 square miles. Let us assume for the 
moment that the helium in the gas represents 
all the helium generated in this area to a depth 
of 4 miles beneath the gas sands — in other 
words, in a block of 100 cubic miles of rock. 
It has been shown (p. 60) that the radio-ele- 
ments disseminated through a cubic mile of the 
normal or average rock yield, by their disin- 
tegration, about 0.456 cubic foot of helium a 
year. The annual production of helium in 100 
cubic miles is thus about 46 cubic feet, and the 
production in 25 million years would about 
equal the volume now found in the Petrolia 
field. 

Two objections to the validity of this calcu- 
lation at once present themselves. In the 
first place the basic assumption made by 
Strutt and others who attempt to calculate the 
age of minerals from the heliimi ratio is that 
most of the helium generated in a mineral 
remains in that particular grain or ciystal 
during geologic time. The writer does not 
wholly agree with this view, for the mere exist- 
ence of enormous accumulations of helium in 
natural gas in regions removed from unusual 
structural disturbances is sufficient to show 
that helium does migrate (unless, indeed, it is 
assumed that the helium has actually formed 
in the gas sands themselves) ; yet, on the other 
hand, if helium were free to leave the mineral 
as fast as it is formed and migrate upward, it is 
evident that the rocks near the siurface every- 
where would be saturated with helium. It is 
proba&le, therefore, that helium ordinarily 
does not migrate very far from the point of its 
origin and that little of the helium generated in 
the dense rocks several miles deep can have 
foimd its way into the gas sands. This diffi- 
culty might be lessened somewhat by assum- 
ing a shallower block of strata and a longer 
lapse of time, but it would still oonstitute a 
grave objection. 

The other argument against this calculation 
is the self-evident one that normal conditions 
should bring about normal results — ^in other 
words, if the helium at Petrolia is supposed to 
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have been generated by the radio-elements 
normcdly distributed through the rocks, why 
should not the same volumes of helium accumu- 
late everywhere? Most natural gas contains 
at least a trace of helium, some of which has 
very probably been generated in the normal 
course of radioactivity; but the high percent- 
age in the Petrolia gas, as well as in that of the 
Kansas fields, plainly indicates special condi- 
tions of some kind. So far as known, the con- 
ditions of accumulation in the heUum-rich gas 
fields are no more favorable than in fields that 
produce gas free from helium, nor are there 
any known fissiu'es or channels along which the 
helium could have risen from great depths. If 
helium is to be ascribed to radioactivity, there- 
fore, it is necessary to postulate a local deposit 
of the radio-elements in each helium-rich dis- 
trict. 

DXBIVATIOH mOM LOCAL DBPOSXTS OT THB 



As 1 ton of uranium in equilibrium yields 
about 1 cubic foot of helium a year, 40 nullion 
tons of luunium (or about 120 million tons of 
the Joachimsthal pitchblende) would yield in 
25 million years the total estimated volume of 
heUum at Petrolia. It is evident, however, that 
some of the helium would remain in the mineral 
grains in which it is formed, and that more 
would imdoubtedly remain entangled in the 
rock close to the point of its origin; hence it is 
necessary to assume a deposit capable of gen- 
erating considerably more helium than the gas 
sands themselves actually contain. On the 
other handy it does not appear necessary to 
adopt the extreme view held by Strutt, that 
practically all the heliimi remains in the par- 
ticles in which it was formed — ^in fact, if this 
view is adopted, it must be assumed that the 
helium has been generated in the gas sands. 
If it is supposed that only a half or a third of the 
helium generated has found its way into the gas 
sands, the size of the deposit that would have 
to be assumed at Petrolia is not incredibly 
large, and in all the other helium-bearing fields 
it woxild be smaller. 

There appear to be no great geologic diffi- 
culties in the way of assuming such deposits, 
aside, of course, from the fact that there is no 
direct evidence of their presence. In the Kan- 
sas area it may be supposed that a uranium or 
thorium deposit existed in the old land mass 
from which the middle Pennsylvanian sedi- 



ments were derived and that the dfibris from 
this deposit was laid down within a fairly small 
area. Monazite, for example, which is rich in 
thorium, is not unconmion as a minor constit- 
uent of clastic rocks and is locally abimdant 
enough to form deposits of monazite sand. Or 
it might be supposed that iiranium has since 
been introduced into the rocks by ascending 
solutions and precipitated as the secondary 
minerals camotite or autimite. The camotite 
ores of Colorado occur in sedimentary rocks 
rich in organic matter, which has evidently been 
a factor in their formation, and similar occiu*- 
rences in the heUimi-bearing areas would not 
be surprising. It is not necessary to assume 
that these deposits are concentrated in a small 
area; it would be more reasonable, in view of 
the extent of the helium-bearing area in Kansas 
to suppose that the uranium minerals are 
widely disseminated through the rocks, and are 
perhaps only 50 or 100 times as abundant as in 
the normal or average rock of the earth's crust. 

On the other hand, it might be supposed that 
the igneous rocks which doubtless underlie the 
Kansas area at a depth of less than 2 miles con- 
tain deposits of pitchblende, and that the he- 
lium liberated by these deposits has risen and 
mingled with the hydrocarbon gas formed in the 
sediments above. The presence of the buried 
granite ridge in the western part of the Kansas 
area might be regarded as supporting this view, 
for uranium minerals are more abundant in 
granite than in other igneous rocks. However, 
IQ addition to the fact that this granite lies not 
within but chiefly to the northwest of the he- 
lium-rich area, the practical absence of helium 
in all the deeper gases suggests that it originated 
not far beneath the base of the Kansas City 
group, the lowest horizon at which it is found 
in notable quantity. The fact that the helium 
occurs through a stratigraphic range of about 
2,000 feet above this horizon might be taken to 
indicate that the active deposits are also scat- 
tered through this zone, or it might simply be 
supposed that the helium . originated in the 
Kansas City group and has in part risen to 
upper beds. 

In the Ohio area the helium is found at two 
widely separated horizons, the Berea and the 
Clinton sand, and the helium content of the 
gases below the Clinton sand is not known; 
hence in this district there is no evidence against 
the assumption that the helium has risen from 
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considerable depths. At Petrolia the helium is 
known only at one horizon in the upper Penn- 
sylvanian, and the deeper gases have not been 
tested, though gases from middle and lower 
Pennsylvanian strata in the Ranger district, 
100 miles to the south, are poor in heUum. 

From a geologist's point of view, therefore, 
it would appear most reasonable to assiune in 
the Kansas area an extensive disseminated or 
very lean deposit of uranium or thorium ore in 
the middle Pennsylvanian strata; at Petrolia 
a somewhat richer deposit at the same or a 
sUghtly higher horizon; and in Ohio a deposit 
in the Silurian to supply the Clinton sand, and 
perhaps another in the Devonian or Mississip- 
pian to supply the Berea. 

These hypothetical deposits would then ex- 
plain the occurrence of helium in certain fields 
and its absence in others, and also the fact that, 
in the Kansas area at least, the helium is con- 
fined to a certain group of formations and is 
absent in the gases both above and below that 
group. 

There are certain other fragments of indirect 
evidence which offer some support to the gen- 
eral theory that helium is derived from the 
radio-elements. Because of the time element 
involved, the theory helps to explain the ab- 
sence of hehum in practically all the yoimger 
(Cretaceous and Tertiary) gases tested. Fur- 
thermore, the natural gas of Petrolia and Can- 
ada and the oil from many other localities are 
radioactive, apparently owing to the great 
solubility of radium and thorium emanation in 
petrolemn. (See p. 58.) This suggests that 
petroleum may have some effect in concentrat- 
ing the emanations by selective absorption, 
thus causing helium to be liberated in the oil 
itself. Except for Ramsay's statement that 
helium is insoluble in benzene there are no data 
as to the solubility of helium in oil; but it is 
probable that helium is at least only slightly 
soluble and that it would therefore be expelled 
from the oil and would mingle with the hydro- 
carbon gases almost as fast as it was formed. 
A third bit of evidence which may possibly bear 
on the subject is Van Orstrand's discovery^ 
that the geothermal gradients in the Newkirk 
field, in northern Oklahoma, and in the Ranger 
district, in Texas, are very high, as would be 
expected if extensive deposits of the radio- 
elements were present. These districts do not 

» Van Orstrand, C. £., personal communication. 



produce gas very rich in helium, and there are 
no data as to the character of the gradient in 
the rich helium fields themselves, but an un- 
usually high gradient even in the vicinity of 
those fields is of interest. 

There are two other points which are more 
difficult to explain on this theory, or indeed on 
any other — the concentration of the helium at 
shallow depths, at least in the Kansas area, and 
the general association of the heliimi with ni- 
trc^en. The most reasonable explanation for 
the concentration of the helium near the sur- 
face in the Kansas area would be, according to 
this theory, the fact that the radioactive de- 
posits also happen to lie near the surface. The 
only other explanation would appear to be that 
the helium, being very light, migrates upward 
through the rocks rather faster than the other 
gases. If so, it follows that the helium is con- 
stantly escaping from the shallow gas sands 
into the atmosphere, for if it is free to migrate 
through the denser rocks below it must cer- 
tainly be capable of passing through the more 
pervious surface rocks. This explanation is 
not very satisfactory, for if hehum has been 
constantly escaping a far greater volume than 
that still remaining in the sands must have 
been dissipated. Moreover, in the Ohio area 
there is no such concentration of helium near 
the surface, for the Clinton gas at a depth of 
about 2,300 feet carries as much helium as the 
Berea gas at about 500 feet. 

The association of helium with nitrogen is 
difficult to accoimt for. It has been suggested 
by Lind that the nitrogenous compounds pres- 
ent in organic shales may be destroyed by 
radioactivity and that the nitrogen so liberated 
would mingle with the hehum generated in the 
same process. It is known, however, that 
water is decomposed by radioactivity, with the 
liberation of hydrogen, yet no hydrogen occurs 
in the heUum-bearing gases, and if the radio- 
activity is not sufficient to decompose water 
in perceptible amoimts, it is difficult to under- 
stand why the nitrogen compounds should be 
so extensively broken up, Similarly, helium 
occurs in mineral-spring gases, which are usu- 
ally rich in nitrogen but in which no hydrogen 
is reported, so that little weight can be attached 
to this suggestion until definite evidence of the 
effects of radioactivity on nitrogenous com- 
pounds can be adduced. Another fact that 
militates against the view that the nitn^en in 
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the gas is of organic origin is that Kansas and 
Ohio oils contain very small proportions of the 
nitn^en gases. California oil, on the other 
hand, is unusually rich in nitrogen, yet the 
California gas contains little nitrogen and no 
helium. (See pp. 37, 96.) However, the gas given 
off by uranium and thorium minerals is usually 
rich in nitrogen, which thus seems to have some 
general though unexplained relation with the 
radio-elements. 

In order to raise the foregoing speculations 
to the rank of a definite hypothesis certain 
forms of evidence must be collected. Among 
the pertinent questions to be answered are the 
following: 

1. Do the helium-bearing gas sands or the 
rocks adjoining them contain notable quanti- 
ties of the radio-elements? 

2. Is the geothermal gradient abnormally 
high in the helium areas, thus affording indirect 
evidence of the presence of radioactive deposits ? 

3. Are the oU-field waters or the waters of 
mineral springs in the helium areas strongly 
radioactive, and do they carry helium ? 

4. Is the petroleum radioactive, and if so is 
this due simply to dissolved emanations or does 
the ash of the petroleum carry uranium or 
thorium ? 

5. Is there any relation between the radio- 
activity of the gas and its helium content? 

6. Does radioactivity rapidly destroy the 
nitrogenous compoimds in oil shale, liber- 
ating free nitrogen ? 

7. Are the pores of the rocks beneath the 
belium-bearing gas sands largely filled with 
helium? 

8. Is helium soluble in crude petroleum 
and is it more soluble in some varieties than 
in others ? 

BEUVATIOH FROM FAIirTLT RADIOACTIVE ELEMEKTS. 

Discovery of the fact that potassium and 
rubidium are faintly radioactive has led 
several observers to suggest that other elements 
may also emit radiations. Potassium and 
rubidium themselves apparently emit only 
beta rays and therefore do not generate helium, 
but there is a possibility that other elements 
may emit alpha radiations of low velocity. 
As described on page 14, the radioactivity of a 
substance is ordinarily measured through its 
property of ionizing gases, this property being 
due in part to the very high speed at which 



the active particles are expelled. Rutherford 
states that if alpha particles (helium atoms) 
were expelled at a velocity of about half that 
at which they are given off by uranium they 
would not cause ionization and hence would 
not be detected by the ordinary methods of 
examination. In other words, there is a 
possibility that certain common rock-forming 
elements may emit alpha radiations at low 
velocity and may therefore generate helium. 

In this connection it will be recalled that 
Strutt interpreted the occurrence of large 
volumes of helium in some potash minerals 
as evidence that potassium generates helium, 
though the fact that no alpha rays from 
potassium have ever been detected casts doubt 
on this view. Siinilarly the anomalous volumes 
of helium f oimd in beryls were formerly thought 
to indicate that the 'element glucinum is radio- 
active, but tliis idea was disproved by Piutti, 
who foimd no helium in six specimens of 
phenacite, which is richer in glucinum than 
beryl itself. 

Recently the hypothesis that helium in 
natural gas may result from the disintegration 
of elements not known to be radioactive has 
been suggested by R. B. Moore,'* who is familiar 
with the conditions imder which the helium 
occurs and whose extensive work in the field 
of radioactivity deserves special consideration. 
There is, of course, no direct evidence for this 
suggestion, but Dr. Moore proposes to investi- 
gate the matter experimentally, and his results 
will be awaited with interest. If it can be 
shown that common rock-forming elements 
generate helium, it would probably be easy to 
explain the source of the helium in natural gas, 
though it may be pointed out that the reverse 
difficulty might then arise — the problem of 
explaining the absence of helitun in other areas. 

Our knowledge of radioactivity is still 
fragmentary, and it will not be surprising if 
future discoveries compel us to modify our 
present ideas considerably. Clarke'^ sug- 
gested many years ago that the chemical 
elements have been developed by a process of 
evolution from simpler forms of matter, and 
the more recent discovery of changes in the 
opposite direction, such as the disintegration 
of uranium into simpler bodies, offers consider- 

M Personal oommunication. 

" Clarke, F. W., Evolution and the spectroscope: Pop. Sci. Monthly, 
January, 1873. 
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able support to this view. Dr. Moore, in dis- 
cussing with the writer his theory that other 
elements may prove to be radioactive, sums 
up his attitude in the words ^*I can not help 
thinking that something is going on that 
science knows nothing of at the present time, 
and that the presence of heliimi [in natural gas] 
can not be accounted for by anything that 
comes within the scope of our present knowl- 
edge." The possibility that other elements 
also disintegrate can not be ignored, though 
the helium in natiu'al gas should not be ascribed 
to such action unless positive evidence can be 
adduced or unless all other hypotheses are 
proved inadequate. 

PBIMOBDIAL HELXUM. 

In contrast with the views of those who 
ascribe all heliimi to radioactive processes is 
the* theory developed by Becker, Clarke, and 
others that some and perhaps much of the 
helium in the globe is primordial and has had 
no connection with radioactivity. It is, of 
course, difficult to adduce positive or direct 
evidence in favor of such a theory, and it 
therefore rests on certain broad deductions, 
chief among which are the following: 

1. The prominence of helium and the ap- 
parent absence of uranium and thorium in 
celestial bodies indicate that helium can and 
does occur in the imiverse apart from the 
radio-elements, which may therefore be re- 
garded as combinations of helium and some 
other element, apparently lead. 

2. The disintegration of uranium and tho- 
rium is attended by the emission of an enormous 
quantity of heat; hence their formation must 
be accompanied by the absorption of heat and 
could take place only under conditions of great 
temperature and pressure. Conditions favor- 
able to their formation doubtless existed in the 

* 

earlier stages of the cooling earth and may 
exist in the interior of the earth to-day. 

3. If uranium and thorium are to be regarded 
simply as combinations of heliimi and lead, 
there is no reason to suppose that all the helium 
in the earth entered into this combination, for 
it is clear that all the lead did not. 

These conclusions, though not susceptible of 
actual proof, are none the less forceful and 
deserving of consideration. The concept of 
primordial helium removes the quantitative 
difficulties which confront all hypotheses of 



derivation from the radio-elements. The ex- 
istence of helium in mineral-spring and mine 
gases in volumes far larger than can be explained 
by the radioactivity of these gases indicates that 
there are large accumulations of helium imder- 
ground, and these accumulations can be ex- 
plained at least as well by the primordial theory 
as by any theory of radioactive origin. The 
same is true of the helium in volcanic gases. On 
the other hand, the helium in most minerals is 
obviously derived from the radio-elements, and 
most minerals evidently contain a large propor- 
tion of all the helium that has been generated 
within them; hence it may be argued that the 
great bulk of all helium produced by radioactiv- 
ity is confined in the rocks close to the point 
of its origin and that it can not have entered 
into the great accimiulations which find their 
escape in various natural gases. This is, in 
fact, the view held by Strutt and many others 
who, though apparently ascribing all helium 
to radioactivity, ignore the evidence of natural 
gases and contend that helium for the most 
part remains in the mineral grains in which it is 
formed. 

Another difficulty confronting those who 
oppose the concept of primordial helium is that 
of explaining the great volume of helium in the 
atmosphere. C. E. Van Orstrand has calcu- 
lated from the figures given by Jeans (p. 52) the 
total volume of helium in the atmosphere and 
finds it to be 58X10*' cubic meters. As 
shown on page 60, the total volimie of helium 
generated annually in the earth by the disinte- 
gration of the radio-elements is probably 
somewhere between 8 million and 30 million 
cubic meters. At the maximum rate all the 
helium in the atmosphere would therefore be 
formed in 2 million years; the minimum rate 
would require 7i million years. It is generally 
admitted, however, that only a small propor- 
tion of the helium generated can have migrated 
through the rocks and escaped into the atmos- 
phere, for very large volumes are known to be 
entangled in the rocks and to be trapped in 
accimiulations of various natural gases. Even 
assuming that helium is produced at the rate 
of 30 million cubic meters a year, therefore, it 
seems probable that a longer time would be 
required for the accumulation and escape of all 
the heliimi in the atmosphere than most 
geologists are willing to allow for the age of the 
earth. 



THEORIES OF THE ORIGIN OF HELIUM IN NATURAL GAS. 



67 



Broadly considered, the theory of pri- 
mordial helium thus has many advantages, 
though its detailed application to the helium 
in natural gas is more difficult. In order to 
explain the occurrence of helium in some 
localities and not in others, it is necessary to 
postulate special structural conditions of some 
kind which would permit the helium to rise 
from below. The only known imusual struc- 
tural feature in any of the helium areas is the 
buried granite ridge in the Mid-Continent region 
(see pp. 22, 35) , but the fact that the deep gases 
nearest the granite are poor in helium in- 
dicates that little significance can be attached 
to this feature. All the other helium-bearing 
gas fields, except the Havre field, are located 
in regions of gentle structure which are remote 
from igneous activity; and on the other hand 
several fields examined which are close to 
areas of structural disturbance and igneous 
action produce gas that is practically free 
from helium. (See p. 35.) Furthermore, the 
stratigraphic distribution of the helium — 
including its absence not only in the Permian 
and Mississippian gas of the Mid-Continent 
area but also in practically all Cretaceous and 
Tertiary gases — ^is very difficult to explain. 

On the other hand, the primordial theory is 
not incompatible with the common occurrence 
of helium near the surface and with its usual 
association with nitrogen. As already noted, 
if the concentration of helium near the surface 
is ascribed to its tendency to migrate upward 
it must be admitted that the helium is con- 
stantly escaping from the shallowest sands 
into the atmosphere; and according to this 
view the volumes of heliimi involved are so 
large that they can be explained only by the 
primordial theory or some other which postu- 
lates an almost illimitable supply. 

The association of helium with nitrogen in 
natural gas, in mineral-spring gases, and in the 
gases given off by rocks would also be reason- 
able according to the primordial theory, espe- 
cially as it is very difficult to see how the 
nitrogen in natural gas can have been derived 
from the petroleum or from other organic 
aoiuxses. Some observers have concluded that 
the common occurrence of nitrogen in deep 
earth gases is due to the decomposition of 
nitrides in the earth's interior; others, like 
Moureu, adopt an opposite view, pointing out 
that nitrogen is a chemically inactive gas and 



should therefore be found accompanying the 
truly inert gases, helium, argon, lo-ypton, etc. 
Argon and neon in very small proportions have 
been detected in some of the helium-bearing 
gases of Kansas, but unfortunately no quanti- 
tative determinations have been published and 
definite evidence on this point must await fur- 
ther work. 

ATMOSPHSBIC HELIUM. 

The great supply of helium in the atmos- 
phere and the common occurrence of helium- 
rich gases in shallow strata naturally suggest 
that the helium in natural gas may be of 
atmospheric origin. Owing to the lack of 
evidence this view can at present be regarded 
only as conjectural. Two possibilities present 
themselves — that the helium, nitrogen, argon, 
etc., represent the inactive residue of air that 
has been entrapped in the sediments; or that 
these gases have been absorbed by the decaying 
organic matter from which the petroleum is 
derived and have been later concentrated in 
some manner. 

When sediments are laid down offshore a 
certain amount of air is probably trapped in 
the interstices; and if these sediments should 
be raised above sea level during a period of 
aridity, when the ground-water level is low, and 
then resubmerged and covered by further de- 
posits, a large quantity of air might be perma- 
nently trapped." The oxygen and carbon di- 
oxide in this air would be chemically fixed as 
oxide and carbonate, and some of the nitrogen 
might also enter into combination, leaving a 
residue of nitrogen, helium, argon, etc. This 
theory has the following definite objections: 
(1) The formation of nitrogenous compounds 
under ordinary temperature and pressure seems 
improbable. (2) Air contains about 2,300 
times as much argon as helium, and although 
argon is strictly an inert gas, differing from 
helium chiefly in its greater solubility in water, 
the natural gases of Kansas apparently contain 
far less argon than helium. (3) The Permian 
sediments of Kansas and Oklahoma are sup- 
posed to be in part continental deposits laid 
down imder arid conditions which were pre- 
sumably very favorable to the entrapping of 
air, yet the Permian gases are very poor in 
helium. 

MThis theory has been developed and discussed by Frank Reeyes 
(The absence of water in certain sandstones of the Appalachian oil 
fields: Eoon. Geology, vol. 12, p. 354, 1917). 
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analyses thus indicate that the gas is not espec- 
ially rich in helium, despite its shallow depth 
and the location of the field in the same general 
belt as the helium-rich Augusta and Eldorado 
fields, to the south. 
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LOCATION. 

The Eldorado field, which is in the central 
part of Butler County, Kans., is one of the 
most productive oil fields in the Mid-Continent 
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FiQURB 8.-Sketch map of Eldorado field, Kans., showing gas wells, location ol samples, and heliam content of gas. 
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Appalachian and northern interior oU and gas 
regions, which contribute about 70 per cent 
of aU the gas produced annually in the United 
States. This neglect was due partly to lack of 
time and partly to the fact that the many 
analyses of gas from those regions that have 
been made and published during the last 50 
years show uniformly low nitrogen content 
and therefore indicate that the gas is poor in 
helium. It is believed that if gas of low heat- 
ing value — that is, rich in nitrogen and helium — 
were being produced in any of the eastern 
fields the fact would be known or would have 
been discovered incidentally during the investi- 
gation. The prospects of discovering further 
supplies of gas similar to that produced in 
Vinton County are therefore believed to be 
slight, though it must be recognized that this 
conclusion is based on inference rather than 
on detailed observation. 

In the course of the investigation about 325 
samples of gas, most of them collected by 
members of the Geological Survey, were 
tested for helium. The results of the tests 
and aU particulars r^arding the soiu'ce of the 
samples and the supply of the gas available are 
presented in tabular form on pages 96-109. 
The tests made by Cady and McFarland in 1906 
have also been included in the tables, which 
thus present a concise summary of our present 
knowledge regarding the distribution, occur- 
rence, and available supply of helium-bearing 
natural gas in the United States. 

The location of the fields from which the 
samples were taken is shown on Plates I and III 
and figure 5 (p. 29), and the general geology 
of the helium-bearing districts has been dis- 
cussed. In the following pages brief descrip- 
tions of the more important helium-bearing gas 
fields will be given, with special reference to 
the location and economic relations of the 
fields, the volume of gas available, and the 
probable duration of the supply. No attempt 
will be made, however, to describe all the 
fields from which samples were collected, or 
even to give complete geologic descriptions of 
the fields which are at present the chief poten- 
tial sources of supply. The statements as to 
developments of course refer to the time at 
which this paper is written. 



MID-CONTINENT BSOION. 



The Elmdale gas field is in Chase Coimty, 
Kans., about 5 miles west of Cottonwood Falls. 
The field as at present developed lies mostly 
south and east of Elmdale, or in the southeast 
corner of T. 19 S., R; 7 E., but there are also 
three isolated groups of successful wells some 
miles north and northeast of the field. Al- 
though the surface rocks in this general dis- 
trict are normally of Permian age, a lai^e and 
prominent anticline or dome has brought the 
upper Pennsylvanian strata to the surface in 
the vicinity of Elmdale. The anticline, which 
represents a structural elevation of about 200 
feet, has a north-south diameter of about 12 
miles and an east-west diameter of about 9 
miles ; its center is in the valley of Cottonwood 
River, about 3 miles southwest of Elmdale. 
Despite the size and altitude of this fold it has 
not been productive of oil, and two deep wells 
near Elmdale encoimtered granite at a depth 
of about 1,900 feet. 

Several dozen gas wells have been drilled on 
or dose to the anticline. Gas is f oimd at three 
horizons, in beds known as the 150-foot sand, 
the 350-foot sand, and the 580-foot sand. 
Wells have been drilled to the 150-foot sand 
at a nimiber of farmhouses, where the gas is 
used directly for domestic piu^poses. The ini- 
tial pressiu*e is said to be about 17 pounds to 
the square inch and the flows small, but the 
wells are long-lived. The 350-foot and 580- 
foot sands have been developed on a commer- 
cial scale by the local gas company, which 
supplies about 300,000 cubic feet a day to Cot- 
tonwood Falls, Strong City, and neighboring 
towns. The flow of the wells is comparatively 
small, and the *' settled" pressiu-e is only 20 to 
30 pounds. The sands appear to be produc- 
tive nearly everywhere throughout a. large 
area, however, and it is claimed by local en- 
gineers that it would be possible to develop a 
production of 8 to 10 million cubic feet a day, 
provided all three sands were tapped. 

Samples of gas collected from the 350-foot 
and 580-foot sands showed, respectively, 0.35 
and 0.50 per cent of helium, and a sample col- 
lected by Cady and McFarland from the 150- 
foot sand in 1906 showed 0.56 per cent. The 
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analyses thus indicate that the gas is not espec- 
ially rich in helium, despite its shallow depth 
and the location of the field in the same general 
belt as the helium-rich Augusta and Eldorado 
fields, to the south. 
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LOCATION. 



The Eldorado field, which is in the central 
part of Butler Coimty, Kans., is one of the 
most productive oil fields in the Mid-Continent 
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FiQUBB 8.~Sketch map of Eldorado field, Kans., showing gas wells, location of samples, and helium content of gas. 
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region and is at present one of the chief poten- 
tial sources of helium-bearing natural gas. 
The field lies chiefly in T. 25 S., R. 5 E., but ex- 
tends some distance into T. 26 S., R. 5 E., and 
T. 24 S., R. 4 E. (See fig. 8.) The town of 
Eldorado, on the eastern edge of the field, is 
at the junction of the Missouri Pacific and 
Atchison, Topeka & Santa Fe railroads. The 
town has a population of about 15,000 and the 
nearest city, Wichita, about 30 miles to the 
west, has a population of about 60,000 and is an 
important railroad center. 



GEOLOGIC OUTUNE. 



The productive sands in the Eldorado field 
are of Pennsylvanian and Mississippian age, 
the highest occurring near the top of the Penn- 
sylvanian and the lowest in Mississippian and 
probably in places in older rocks. The highest 
producing sand is encountered at a depth of 650 
feet and according to Fath ** occurs in the 
lower part of the Wabaunsee group. It is pro- 
ductive only in the northeastern part of the 
field, where it yields considerable oil but prac- 
tically no gas. The field's output of gas is 
obtained from the next lower productive sands, 
which occur at average depths of 900, 1,200, 
and 1,475 feet. The sands at 900 and 1,200 
feet are fairly persistent throughout the pro- 
ducing area, but they are zones or groups of 
sands which individually are lenticular and 
discontinuous. These zones, which yield the 
great bulk of all the gas produced in the field, 
occur in the Shawnee, Douglas, and Lansing 
groups. The main oil zone is encountered at 
an average depth of 2,500 feet and occurs in 
Mississippian rocks corresponding to the Boone 
limestone. In places it probably extends 
downward into older rocks. This zone yields 
the bulk of the oil produced in the field, and a 
great many oil wells have therefore penetrated 
the overlying gas sands. In most of these 
wells the gas has been mudded off, but the gas 
pressure in a sand penetrated by so many 
wells is naturally affected, despite precaution- 
ary measiu'es. 

The Eldorado field lie» on a prominent anti- 
cline, on which there are many irregular cross 
folds and minor wrinkles. According to Fath, 
the distribution of ^oth oil and gas is closely 
related to the structure; the gas sands are pro- 

« Fath, A. E., report on the Eldorado oil and gas field, Kans. (in 
preparations 



ductive only in the highest parts of the fold, 
and the oil sands are productive over a much 
larger area which extends from the crest of the 
fold well down its flanks. (See fig. 8.) Owing 
to the lenticular character of the sands and to 
the variation in their porosity, however, neigh- 
boring gas wells may have very different capac- 
ities. 

QUAUTY OF THB OAS. 

As shown by the tests of 33 samples (see 
p. 98), the gas of the Eldorado field ranges in 
helium content from 0.48 to 1.70 per cent. 
Only two samples, however, show less than 0.71 
per cent, and the average of all the samples is 
1.12 per cent. Nineteen samples of gas from the 
900-foot zonie show an average helium content 
of 1.20 per cent, and 13 samples from the 1,200- 
foot zone an average of 1.01 per cent. 

The Eldorado gas varies considerably in 
composition, and there appear to be no marked 
and constant differences between the gases 
from different sands. The general quality of 
the gas is shown by the following representa- 
tive analyses: 

Analyses of gas of Eldorado field, Kans. 



Carbon dioxide ( CO,) 

Oxygen (O,). 

Methane (CH.) 

Ethane (C2H4) 

Residue (N21 ©^O 

Heating value (British 
thermal units) 



000-fbot 


1,200-foot 


sone. 


zone. 


0.56 


0.10 


.00 


.14 


54.58 


62.68 


3.33 


11.82 


41.53 


25.26 


100.00 


100.00 


584 


811 



1,400-foot 
zone. 



0.12 

.10 

31.36 

12. 78 

55.64 

100.00 

524 



VOLUME AND DURATION OF THB OAS SUPPLY. 

Although the Eldorado field is still compara- 
tively young, having been opened late in 1915, 
its gas resources have been heavily drawn upon 
in the last four years and are now probably 
about two-thirds exhausted. The maximum 
daily production of about 20 million cubic feet 
was reached at the end of 1916, when the com- 
bined open flow of all the wells was about 60 
million cubic feet. In May, 1918, the daily 
production was about 10 million and the total 
open flow about 25 million cubic feet. The 
entire production of the field is used for drilling 
and pumping the oil wells, but it constitutes 
only about two-thirds of the volume required 
for this purpose. 
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The first wells in the field had an average 
rock pressure of 465 pounds to the square inch 
but in May, 1918; the average pressure of all 
the wells in the field had fallen to 140 pounds. 
This rapid decline in pressure, which is shown 
graphically in figure 9, is due chiefly to the 
fact that the wells have been allowed to pro- 
duce from 30 to 50 per cent of their open flow, 
though a contributing factor has doubtless 
been the unavoidable waste of gas caused by 
the fact that the gas sands have been pimc- 
tured by so many wells drilled for oil. It will 
be noted, however, that the greater part of 
the decline in pressure took place in 1916, the 
period during which most of the gas wells were 
drilled and when also the daily production was 



production, provided the wells are not made to 
yield too heavily. . If the daily production of the 
field had been reduced to 4 million cubic feet 
in the middle of 1918, this production could 
probably have been maintained for at least 
three years. On the assumption that the aver- 
age heliimi content of the gas is 1,12 per cent, 
this would represent a daily production of 44,800 
cubic feet of helium. 

It will be noted that the curve in figure 9 
shows a slight upward trend in the first part of 
1918. This is due to the bringing in of several 
large gas wells on a small dome then recently 
discovered at the north end of the field. Al- 
though the gas-bearing territory in the main 
field has now been practically all drilled, there 




FiQUBE 9.-<:urve showing decline of average rock pressure of a typical group of wells in ilie Eldorado field, Kans. 



largest. From the middle of 1917 to the mid- 
dle of 1918, when the drilling became less active 
and the daily production was reduced to 10 or 
12 million cubic feet, the decline in pressure 
became very moderate. 

As the rock pressure declines the open flow 
and therefore also the production diminishes; 
but as the production decreases the decline in 
pressure becomes less rapid. In the later 
stages of the life of a field the curve of pressure 
decline therefore becomes flatter, and a small 
production may be maintained for a compar- 
atively long period. It is evident from figure 
9 that the Eldorado field has entered this stage 
and that during the next two or three years the 
field may be relied on to furnish a moderate 



is a possibility that other small additional sup- 
plies will be discovered, and that the life of the 
field will be correspondingly increased. 



AUGT78TA FIEXJ>. 



LOCATION. 



The Augusta field is in the southwestern part 
of Butler County, Kans., its north end beii^ 
only about 5 miles south of the southern limit 
of the Eldorado field. The Augusta field lies 
chiefly in Tps. 27 and 28 S., R. 4 E. The t^wn 
of Augusta, which has a popidation of about 
1,500, is in the east-central part of the field. 
It is situated on the St. Louis-San Francisco 
and Atchison, Topeka & Santa Fe railroads. 
(See fig. 10.) 
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GEOLOGIC OUTUME. 

The general geology 
of the Augusta field is 
similar to that at Eldo- 
rado, and the producing 
zones are roughly equi- 
valent to those already 
described for that field. 
The 650-foot zone, how- 
ever, which yields only 
oil in the Eldorado field, 
carries at Augusta 
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''wind gas'' very rich 
inhehum. Themaingas 
sands form a zone rang- 
ing in depth between 
1,400 and 1,600 feet. 
Individual sands can 
not be traced for great 
distances, and the gas 
seems to occur irregu- 
larly through this zone, 
rather than at several 
distinct horizons, as at 
Eldorado. The princi- 
pal oil sands lie at 
depths of about 2,000 
to 2,400 feet. 

The Augusta field is 
on a large anticlinal fold 
which represents a 
southwestern continua- 
tion of the Eldorado an- 
ticline. The Augusta 
fold, like that at Eldo- 
rado, is irregular, and it 
consists of at least two 
fairly distinct anticlines. 
The larger one, which is 
known as the main Au- 
gusta anticline, lies 
chieflyinT.28S.,R.4E. 
It yields a large propor- 
tion of the oil produced 

in this field and at present practically all the gas. 
The smaller fold, which is known as the North 
Augusta anticline, is in the central part of T. 27 
S., R. 4 E., and is separated from the main 
anticline by a structurally low and barren area. 

QUALITY OF THE OAfl. 

Twenty-six samples of Augusta gas have been 
tested for helium, with the results shown on 
page 98. Two samples of gas from the shal- 
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FioxTRE 10.— Sketch map of Augtsta field, Eans., showing gas welJs, location of samples, helium con- 
tent of gas, and areas in which the shallow gas rich in helium occurs. 

low zone (450 to 650 feet) contained 1.94 and 
2.13 per cent of helium. Two samples of the 
gas occurring at depths of 1,200 to 1,400 feet' on 
the North Augusta anticline, in T. 27 S., R. 4 E., 
showed 1.03 and 1.14 per cent of helium. The 
remaining samples represent the gas that oc- 
curs at depths of 1,200 to 1,500 feet on the main 
anticline and now constitutes the great bulk of 
the output. This gas ranges in helium content 
between 0.16 and 0.65 per cent, though only 
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three samples showed less than 0.38 per cent; 
and the average of the 22 samples is 0.43 per 
cent. 

There are therefore in the Augusta field three 
distinct types of gas containing 2.04, 1.09, and 
0.43 per cent of helium. The richest and the 
poorest of these gases occur at different depths 
on the main anticline, which comprises the cen- 
tral and southern parts of the field. The inter- 
mediate gas occurs at about the same depth and 
horizon as the poorest gas but on the North 
Augusta anticline. It is interesting to note 
that the gas produced on this anticline thus 
differs greatly in helium content from that pro- 
duced in the main field and resembles the Eldo- 
rado gas; and it is said, furthermore, that the 
North Augusta oil resembles the Eldorado oil 
in gravity and composition more closely than 
the oil of the main Augusta field. 

The shallow gas carrying about 2 per cent of 
helium is very high in nitrogen, as shown by 
analysis 17, page 39. The gas produced in the 
North Augusta field is on the average only 
slightly higher in nitrogen than that of the main 
field, though containing about twice as much 
helium. This is shown by the following 
analyses, kindly furnished by Prof. H. C. Alien: 

Analyses of gas from the AiLOUsta and North Augusta fields ^ 

Kans. 





Augusta. 


North Augusta. 


Carbon dioxide (COj) 

Oxvifen (Oo) 


0.21 

.00 

76.48 

12.60 

.44 

10! 26 


0.32 

.12 

63.32 

13.45 

.13 

22.63 


0.00 

.31 

50.22 

21.32 

.00 

28.15 


0.07 
.19 


Methane (CU.) 


63.92 


Ethane (CoH-) 


5.67 


Higher hydrocarbons 

Residue (N2, etc.) 


.19 
29.96 


Heating value (British 
thermal units) 


99.99 
961 


99.97 
844 


100.00 
853 


100.00 
719 







QUANTrry of shallow gas available. 

As shown in figure 10 the shallow gas con- 
taining about 2 per cent of helium occurs only 
in certain parts of the field, being apparently 
confined to two areas, aggregating about 2,000 
acres, on the main Augusta anticline. These 
areas occupy the two highest points on the 
anticline, and their shape and extent are de- 
termined almost entirely by structural con- 
ditions. Within these areas, however, the 
distribution of the gas is irregular and is evi- 
dently controlled by variations in the porosity 



of the sand, for out of about 200 deep oil and 
gas weUs drilled in the shaUow-gas territory 
only about 75 encountered volumes of this gas 
large enough to be noted and reported by the 
drillers. The volumes reported range between 
a few thousand and 3^ million cubic feet daily, 
with an average of perhaps 400,000 cubic feet. 
The rock pressure of this gas has never been 
gaged, though an inconclusive test made by the 
writer su^ests that it is probably between 50 
and 75 poimds to the square inch. 

As the shallow gas consists so largely of 
nitrogen that it is practically incombustible, 
no attempts have been made to produce it, but 
owing to the drilling of so many deeper welk 
through its horizon a considerable volume of 
the gas has doubtless escaped. The Empire 
Gas & Fuel Co., in a noteworthy spirit of con- 
servation, has taken pains to mud off or seal 
this horizon in all its wells, but most of the 
other operating companies have taken no 
precautions to prevent the gas from escaping. 
On the other hand, the variable porosity of the 
sand itself has evidently prevented, very ex- 
tensive loss of the gas, for the volumes reported 
in wells drilled recently average about as laige 
as those in the early wells. Owing to the 
irregular distribution of the gas, to the lack of 
information as to the rock pressure, and to the 
fact that an indeterminate quantity has escaped 
it is impossible to estimate the total volume still 
in the sands, but it is probably little more than 
half a billion cubic feet. 

QUANTTTT OF DEEP OA8 AVAILABLE. 

The Augusta field, which was opened late in 
1913, produced up to the middle of 1918 
between 30 and 35 billion cubic feet of gas, all 
of which was derived from the group of sands 
occurring at depths between 1,400 and 1,600 
feet. The original rock pressure was slightly 
over 400 pounds to the square inch, but in July, 
1918, the average pressure was about 140 
pounds. At that time the daily production 
of the field was almost 7 million cubic feet, and 
the total open flow was about 20 million cubic 
feet. 

The gas resources of the North Augusta 
anticline are now almost exhausted, and the 
present output of the field is derived almost 
wholly from the main anticline. The field is 
now well outlined, and there is little prospect 
of the discovery of new supplies, although a few 
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additional wells can jet 
be drilled. A study of 
the curve of rock-press- 
ure decline indicates 
that unless water trou- 
bles become too serious 
the field should be ca- 
pable of producing an 
average of 3 to 4 million 
cubic feet a day imtil 
some time in 1921. 

The comparatively 
low helium content of 
this deeper gas renders 
it unfavorable as a 
source of helium, but if 
it were mixed with the 
shallow gas in propor- 
tions of 3 to 1 the aver- 
age heliimi content of 
the mixture would be 
about 0.8 per cent. 

DZXTXR-OTTO DISTRICT. 
LOCATION. 

The Dexter-Otto area 
comprises that part of 
eastern Cowley County, 
Kans., shown in figure 
11. A very prominent 
anticline traverses this 
area and extends both 
north and south beyond 
the territory shown on 
the map. Two deep oil 
wells, many shallow gas 
wells, and a number of 
dry holes have been 
drilled on or near the 
axis of the fold. There 
are three areas in which 
gas is produced — the 
vicinity of Dexter, an 
area 2 miles north of 
Otto, and an area 5 
miles southeast of Otto. 
In all these areas the gas 
is rich in helium, carry- 
ing from 0.5 to 1.9 per 
cent, but the present 
supply is small, and the 
chances of a great exten- 
sion are rather slender. 
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FioxTKE 11.— Sketch map of Dexter-Otto area, Cowley County, Kans., showing location of wells sampled 

and helium content of gQA. 
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OLD DEXTER FIELD. 



Gas was discovered at Dexter in 1905 at a 
depth of 325 feet, and during 1906 to 1908 22 
producing wells and 1 dry hole were drilled. 
Most of the wells were put down within the 
town limits, and the field, though very produc- 
tive, was small. The gas sand ranges between 
20 and 55 feet in thickness and is encountered 
at depths between 300 and 350 feet. The 
initial rock pressure was unusually high for 
this depth, being 110 pounds to the square 
inch, and the maximum open flow was 10 
million cubic feet a day, though the average 
was about 3 million cubic feet. Several deep 
wells drilled for oil in this area in the last two 
years have found some gas at the same horizon, 
one well having found, it is said, enough gas to 
blow the water out of a 16-inch hole. At 
present half a dozen of the old wells are still 
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Figure 12.— Detafled map of the town of Dexter, Kans., showing location of wells sampled and helium 

content of gas. 



producing a few thousand cubic feet a day 
(See fig. 12.) 

The Dexter gas is famous because of its pe- 
culiar composition and especially because when 
examined by Cady and McFarland in 1905 it 
was the only gas of this type known, its analysis 
having led to all the subsequent work on helium. 
Two samples tested by Cady and McFarland in 
1905-6 showed 1.64 and 1.84 percent of helium; 
two others collected by the writer in August, 
1918, showed 1.68 and 1.83 per cent; and one 
collected by a local operator in the spring of 
1918 showed only 0.95 per cent, but this sample 
possibly contained air. 

The Dexter field is regarded as exhausted^ 
and there appears to be no warrant for ex- 
pecting the discovery of further large supplies. 
As the largest wells were drilled on the western 
edge of the pool, however, it is believed that 

some gas at least can be 
obtained by drilling in 
the central or western 
part of sec. 1 3. (See fig. 
12.) The small cost of 
the wells and the very 
high helium content of 
the gas would compen- 
sate in a measure for the 
small volumes that can 
probably be obtained. 

The only other note- 
worthy occurrence of gas 
in the vicinity of Dexter 
was reported from the 
Monitor Oil Co.'s well 
in the NE. } sec. 24. In 
this well a large volume 
of gas, variously esti- 
mated at 9i to 13 mil- 
lion cubic feet, was en- 
countered at 1,010 feet, 
and an analysis of this 
gas is said tohaveshown 
more than 80 per cent of 
nitrogen. As the wells 
about two-thirds of a 
mile north and south 
of this well found no 
gas at this horizon, it is 
evident, however, that 
the gas-bearing area is 
very small. 
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AREA NEAR OTTO. 



As shown in figure 1 1 , several wells have been 
drilled about 6 miles south of Dexter, where 
there is a small dome on the crest of the main 
anticline. The southernmost of these weUsfound 
2 milhon cubic feet of gas at a depth of 1,141 
feet, and the three wells drilled farther north 
on the axis of the fold all found smaller volumes 
at about the same horizon. As the wells to the 
west found the sand filled with water, the pro- 
ductive area can not extend far down the flank 
of the fold, but it may extend some distance 
along the axis to the south. Two samples of 
this gas collected by the writer showed 1.9 and 
0.5 per cent of helium. The poorer sample, 
however, is to be regarded with suspicion, for 
in the well from which it was taken the 
pressure was only a few ounces to the square 
inch, and the sample may have been con- 
taminated with air. Apparently, therefore, 
this gas is exceptionally rich in helium, and it 
is beUeved that a moderate supply might be 
developed by further drilling toward the south. 



AREA SOUTHEAST OP OTTO. 



About three years ago two gas weUs were 
drilled by the Standish Oil Co. in sec. 1 7, T. 35 
S., R. 7 E., about 5 miles southeast of Otto. 
These wells encountered the gas at a depth of 
about 1,475 feet and had initial open flows of 
^ and 5 million cubic feet a day, with a rock 
pressure of about 500 pounds to the square inch. 
Samples of the gas from these weUs showed 
0.94 and 1.04 per cent of helium. According 
to A. E. Fath, who made a geologic examination 
of the fields for the Geological Survey, there are 
no structural features in the vicinity favorable 
to the accumulation of gas and there is little 
prospect of an extension of the producing area. 



SEDAN DISTRICT. 
GENERAL FEATURES. 



Chautauqua County, in which the Sedan 
district is situated, has for many years ranked 
high among the oil-producing counties of Kan- 
sas, and the eastern and central parts of the 
county have now been thoroughly prospected. 
Two fair-sized gas fields, the Hale and Havana 
fields, have been developed in the eastern part 
of the coxmtv, and a numb t of small fields in 
the central part — the Sedan district — yield a 
moderate volume of gas. The many samples 
that have been collected and analyzed indicate 



that the gas in the eastern part of the county 
contains less than 0.5 per cent of heliimi but 
that practically all the gas occurring in the 
central part at depths shallower than 1,000 
feet contains between 0.5 and 2 per cent. (See 
results of tests, p. 100.) The western part 
of the county is practically untested, but 
development is now proceeding toward the 
west, and it is probable that the helium-rich 
area will be found to extend a considerable 
distance in that direction. 

The location of the Chautauqua County gas 
fields is shown on Plate I, and the structure 
section on that plate shows the approximate 
stratigraphic position of the samples analyzed. 
It is evident that the decrease in helium con- 
tent toward the east is related to the geology, 
for the helimn-rich gas at Sedan occxu^ in the 
Kansas City group and owing to the general 
westward dip of the strata this formation lies 
too close to the surface to be gas-bearing in 
the eastern part of the county. In that locality 
production is obtained from lower beds, which 
generally yield gas poor in helium. The east- 
ernmost field in which gas carrying as much as 
0.5 per cent of helium has been found is the 
Monet field, about 5 miles east of Sedan. 

The helium-rich gas of the Sedan district is 
high in nitrogen and thus too low in heating 
value to be in demand as a fuel, though owing 
to local conditions considerable volumes of it 
have been produced and used. The gas occurs 
above the oil horizons, however, and unless 
there happens to be a local demand for gas as 
fuel it is generally allowed to go to waste; in 
fact, as it interferes with drilling it is regarded 
by most operators as a nuisance. Because of 
these conditions accurate information as to 
the depth of a shallow gas and as to its volume 
and pressure is very difficult to obtain. 



ROGERS POOL. 



The Rogers pool lies just east of Rogers 
station on the Missouri Pacific Railroad, or 
chiefly in sees. 23-26, 35, and 36, T. 33 S., R. 
10 E. (See fig. 13.) It consists of 41 gas wells, 
of which only 22 are now producing. As 
shown on the map, the pool is divided into two 
distinct portions by a strip of barroh territory 
crossing sees. 25 and 26, in which 10 dry holes 
have been drilled. 

The strata exposed in the vicinity of the 
Rogers pool belong to the lower part of the 
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Shawnee group and the upper part of the 
Douglas group. The Oread limestone, the 
highest formation of the Douglas, crops out in 
the southern part of the field. In the southern 
part of the pool the producing gas is encoun- 
tered at depths of 700 to 800 feet and lies about 
700 feet beneath the Oread, or near the middle 
of the Kansas City group. In the northern 
part of the pool, however, the producing sand 
lies at a slightly higher horizon, being en- 
countered at depths of 650 to 750 feet, and in 
thi3 district a gas sand at 350 to 450 feet is also 
eported by many wells. 



can not be determined from surface examina- 
tions, and drilling may prove the remainder of 
the uplift to be barren, but the areas that are 
structurally most favorable have not yet bwn 
adequately tested. The favorable areas in- 
clude the N. i sec. 30, the W. i sec. 19, and all 
of sec. 24, and probably also the E. i sec. 13, 
the W. i sec. 18, and the SW. i sec. 23. Pro- 
duction may also be extended farther west; 
the gas well in the NE. i sec. 34, for example, 
which is drilled on a monocline, indicates that 
there is at least a small pool in that locality. 
It should be pointed out in this connection 
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FiouKE 13. — Map of Sedan district, Kans. shoeing location of wells sampled and helium content oi gas. 



According to P. V. Roundy, who made a 
detailed geologic examination of the Sedan 
district, the Rogers pool is associated in a gen- 
oral way yriih a structurally high area or broad 
nose which centers in the SE. J sec. 19 and 
extends to the SW. \ sec. 23. The limits of 
the producing area, however, are evidently 
determined by the porosity and continuity of 
the sand, for the barren strip that crosses 
the center of the field lies near the highest 
part of the uplift. Such conditions of course 



that too much weight can not be attached to 
the ''dry'' holes shown on the map, for these 
wells were drilled for oil, and moderate flows 
of low-pressure gas are generally saved only 
when there is a special need or market for 
them. 

Structural features of the type described 
above occur throughout a large part of western 
Chautauqua County, and it is probable that 
many of them are associated with gas pools 
and that the gas occurring at depths of 900 
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feet or loss for at least several miles west of 
Rogers is rich in helium. 

The first wells in the Bogers pool were 
drilled in 1912, and by the end of 1913 18 
wells, with a combined open flow of 63 mil- 
lion cubic feet a day and an average rock pres- 
sure of 221 pounds to the square inch, had 
been finished. The initial open flow of some of 
the wells was as much as 8 million cubic feet a 
day, though the average was about half that 
figure. By the summer of 1914 24 wells, hav- 
ing an average open flow of 2 J million cubic 
feet a day, were in operation. During 1914 
the field produced only IJ to 2^ million cubic 
feet daily, chiefly owing to the poor quality of 
the gas for heating. During the winter of 
1915-16 the field was taken over by another 
gas company and was made to produce as 
much as 10 million cubic feet a day. Since 
that time the production has gradually de- 
clined until in August, 1918, it amounted to 
only about 1 million cubic feet daily. At that 
time the average daily open flow of the 22 pro- 
ducing wells was 260,000 cubic feet, their aver- 
age rock pressure was 38 poimds to the square 
inch, and their combined daily open flow was a 
little less than 6 million cubic feet. 

Although the foregoing figures indicate that 
the pool is now almost exhausted, it is be- 
lieved that this condition is due partly to the 
fact that the gas commands so low a price 
that the well owners have not felt justified in 
going to much expense in keeping the wells 
in proper condition. The oil wells of Chau- 
tauqua County, though generally small, are 
remarkable for their long life, a feature evi- 
dently due to the fine grain of the oil sand and 
to the rather low gas pressure. Whether or 
not the gas sands in this area are also capable 
of unusually long continued production it will 
be impossible to say, for practically all the 
gas weUs visited by the writer in the Sedan 
district had suffered from lack of attention. 
Despite this condition, however, many old 
wells have held up remarkably well, and there 
is reason to believe that the fields of the Sedan 
district would, with proper care, yield a 
moderate output for a long period. 

It should not be inferred from the foregoing 
remarks that the Rogers pool itself can still 
be rejuvenated, though undoubtedly the pro- 
duction could temporarily be somewhat in- 
creased. So far as can be learned from a study 



of the structure, however, there is still good 
territory in the vicinity, and it is probable that 
the producing area could be somewhat ex- 
tended. Moreover, there is every reason to 
suppose that similar pools could be developed 
in the central and western parts of the county 
and that their gas would prove equally rich in 
helium. 

Two pipe-line samples of gas from the Rogers 
pool average 0.96 per cent of helium, and 
14 samples from individual wells contained 
from 0.86 to 1 . 1 6 per cent. One sample showed 
only 0.59 per cent, but it may have been con- 
taminated by air, and on the other hand gas 
from the well in the NE. { sec. 34 (see fig. 13) 
showed 1.912 per cent. All these gases are 
from the sands between 650 and about 800 feet 
in depth, and the gas occurring at 350 to 450 
feet in the northern part of the Rogers pool 
probably contains well over 1 per cent of 
helimn. 

The general character of the gas of the Rogers 
pool is shown by analysis 20, page 39. 



AREA NEAB SEDAN. 



Although practically no gas is now produced 
in the areas north of Sedan and between Sedan 
and the Rogers pool, it is stated on good 
authority that many of the oil wells in these 
areas encountered gas at shallow depths. A 
few samples of this gas, obtained mostly from 
abandoned and practically exhausted wells, 
showed a high content of helium. In the dis- 
trict south of Sedan a little gas is now being 
produced, but all of it is derived from the Peru 
sand, which lies about 500 feet beneath the 
helium-bearing sands of the Rogers pool and 
which yields gas carrying only about 0.4 per 
cent of helium. It is reported, however, that 
wells in several localities encoimtered gas at 
shaUower depths, and it may be presumed that 
this gas contains more than 0.5 per cent of 
helium. 

The richest gas occurs in a sand found at a 
depth of about 400 feet in the area north of 
Sedan. Several wells were finished in this 
sand some years ago to supply fuel for drilling 
oil wells, but because of the low pressure of 
the gas and its low heating value no care was 
taken of the gas wells, and most of them soon 
became exhausted. However, the Fleming & 
Wadsworth well, near the east quarter comer 
of sec. 27, which was drilled about 1907, is said 
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to have had an initial daily open flow of 3 or 4 
million cubic feet, and when visited by the 
writer in July, 1918, it still showed about half 
a million cubic feet, with a pressure of about 
50 pounds to the square inch. The test of a 
sample of this gas showed 1.94 per cent of 
helium, and an analysis previously made by 
Prof. Allen showed 55.7 per cent of nitrogen. 
(See analysis 18, p. 39.) About a mile east of 
this well, in the southeast comer of sec. 26 and 
the southwest comer of sec. 25,T. 33 S., R. 11 
E., three gas wells were drilled to the 400-foot 
sand about three years ago, but all of them are 
now practically exhausted. A sample from 
the well in the southeast comer of sec. 26 
showed 1.04 per cent of helium. A dry hole 
in the NE. \ sec. 29 is reported to have passed 
a sand capable of yielding 2 or 3 million cubic 
feet of gas daily at a depth of about 400 feet, 
and several wells could doubtless be drilled in 
this locality. Two oil wells drilled several 
years ago just outside the limits of Sedan, near 
the center of sec. 3, are reported to have found 
a sand yielding 3 or 4 million cubic feet of gas 
a day at a depth of 212 feet. This sand is 
probably equivalent to the 400-feet sand north 
of Sedan, and there is every reason to suppose 
that the gas is very rich in helium. 

It is not to be inferred from the foregoing 
statements that all the area for 2 or 3 miles 
north of Sedan is thought to 'be underlain by 
the shallow gas. It is even impossible to state 
that all the wells referred to draw from the 
same horizon, though this is highly probable; 
but it is verv evident that the sand is either 
discontinuous or is productive only locally. It 
is impossible to predict in advance of drilling 
how much of this gas could be obtained, but it 
seems highly probable that a yield of at least 1 
or 2 million cubic feet a day could be maintained 
for a period of two or three years. 

A deeper sand, probably equivalent to that 
foimd in the Rogers pool, is also encoimtered 
in the area north and west of Sedan at a depth 
of 600 to 700 feet, and in some localities gas is 
foimd also in sands at 900 and 1,000 feet. The 
relation of the sands in this area is shown by the 
following well log: 



Log of Allen Mcintosh wdl No. 1, in the southeast comer o] 
the SW. i NE, i sec. 1$, T. 33 S., R. 11 E. 

Feet. 

Soil 0-3 

Shale, black 3-63 

Lime, Oread d3-83 

Shale, red 83-140 

Sand; three bailers of water 140-150 

Shale, black 150-160 

Sand; hole full of water 160-280 

Shale, black 280-410 

Sand 410-430 

Shale, black • 430-455 

Sand 455-465 

Shale, black 465-708 

Sand, hard; gas 708-712 

Sand, soft 712-720 

Shale, black 720-765 

Lime, white 765-768 

Shale, black 768-908 

Sand; gas 908-920 

Shale, white 920-945 

Sand 945-955 

Shale 955-960 

Lime 960-962 

Shale, black 962-972 

Sand ; *'Salt sand " 972-1, 072 

Shale, black 1,072-1,077 

Shale 1,077-1,130 

lime 1,130-1,140 

Sand; "Stray sand" 1,140-1,162 

Shale, black 1,162-1,172 

lime 1,172-1,177 

Shale, black 1,177-1,283 

Sand, hard; '*Perusand" 1,283-1,289 

Shale, black 1,289-1,313 

Five samples of gas from the sands encoun- 
tered at depths of 700 to 900 feet were collected 
in the area north and west of Sedan, and their 
helium content was fomid to range between 
0.70 and 0.89 percent. The wells sampled are 
in sees. 16, 17, 27, 28, and 29, T. 33 S., R. 11 E., 
and their location is shown on figure 13. The 
well in sec. 29 still has an open flow of about 
half a million cubic feet a day, but the other wells 
are practically exhausted. The gas has been 
reported in many oil wells, however, and there 
is no doubt that a moderate production could be 
developed. As already stated, all this gas is 
too low in heating value and too irregular in 
distribution to permit producing it at a profit 
for use as fuel, but as a source of helium its 
value should be sufficient to warrant the neces- 
sary expense. 
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MONBTT FIELD. 



In the vicinity of Monett (see PI. I) gas has 
been produced for many years, chiefly from the 
Salt sand but in part from deeper sands. The 
Salt sand in this district is found at a depth of 
500 to 600 feet. Some of the wells had an 
initial daily open flow of 3 million cubic fe^, 
though all of them are now very small. The* 
town of Sedan is supplied by half a dozen wells 
in sees. 28, 32, and 33, T. 33 S., R. 12 E., the 
combined daily production of which is now less 
than a million cubic feet. A sample of the Salt 
sand gas showed 0.57 per cent of helium. 

This gas has not been systematically devel- 
oped, being imdesirable because of its rather 
low pressure and its low heating value; and it 
is believed that if necessary a production of 2 
or 3 million cubic feet a day could be developed 
and could be maintained for two or three years. 
Though the helium content of this gas is lower 
than that of the gas to the north and west of 
Sedan, it is higher than that of the other gases 
within a radius of 35 miles. The Monett gas 
could be rather cheaply produced, and if an ex- 
traction plant were erected in the Sedan district 
it might prove desirable to treat the Monett gas 
in connection with the richer product of the 
Rogers and Sedan fields. 

FISLD8 or OSAGE OOtnTTY, QKLA.' 
. PEARSON FIELD. 

The Pearson field is in the central part of 
Osage County, Okla., principally in sees. 10 to 
20, T. 27 N., R. 8 E., on the Midland Valley 
Railroad. In July, 1918, the Pearson field 
contained 17 producing weUs having an aver- 
age rock pressure of about 125 poimds to the 
square inch and a total open flow of about 40 
million cubic feet a day. The production of 
the field during May amounted to 146 million 
cubic feet, or an average of 4.7 miUion cubic 
feet daily, though it is beUeved that with some 
additional drilling 10 or 15 miUion cubic feet a 
day could easily be produced. 

Most of the gas produced in the Pearson 
field is obtained from sands lying at depths 
between 750 and 1,000 feet, although several 
wells recently drilled derive their gas from a 
sand at about 1,450 feet. The main producing 
sand lies 100 to 400 feet below the Oread lime- 
stone, of the Douglas group and therefore near 
the base of the Douglas or the top of the 
10135*'— 20 6 



Lansing group. According to A. E. Fath, it is 
roughly equivalent to the sand in the Otto dis- 
trict, Kans., which yields gas carrying about 1 
per cent of helium. The structural geology of 
the Pearson district and of the area to the north 
has been investigated by K. C. Heald,*^ who 
finds that the field is on a well-defined though 
irregular anticline, the highest point of which 
appears to be in the southeast comer of sec. 30, 
T. 27 N., R. 8 E. In this vicinity there are 
also several minor domes, at least one of which 
has proved productive. 

As shown by the 12 analyses on page 104, 
the Pearson gas ranges in helium content 
between 0.23 and 0.71 per cent, the average as 
determined by three tests of pipe-line gas being 
about 0.50 per cent. The gas occurring in the 
uppermost sands appears to be somewhat 
richer in heUum than that in the lower part of 
the producing zone. 

The general quality of the Pearson gas is 
shown by the first analysis in the table on 
page 82. 



MYEB8 FIELD. 



The Myers field is about 6 miles southeast of 
the Pearson field, in the northeast comer of 
T. 26 N., R. 8 E. In July, 1918, the field con- 
tained 10 weUs having an average rock pres- 
sure of about 240 pounds to the square inch 
and a total open flow of about 15 miUion cubic 
feet a day. During May the average daily 
production was 1,392,000 cubic feet, or only 
about 9 per cent of the open flow. 

The Myers gas is derived from two sands, the 
shallower lying at a depth of about 550 feet 
and the deeper at a depth of about 1,150 feet. 
These sands are believed to be equivalent to 
those that are productive in the Pearson field. 
Although flows as high as 5 million cubic feet 
a day are found in the shallower sand, the pres- 
sure is low, and in July, 1918, all but two of 
the weUs had been deepened to the 1,150-foot 
sand. 

The field is on a small dome or anticline 
similar to that from which the gas at Pearson is 
produced. The weUs already drilled apparent- 
ly define this dome, but there are other struc- 
tural features of the same type in the vicinity 
which when developed will doubtless furnish a 
large volume of gas. 

^ Geologic structure of the northwestern part of the Pawhnska quad- 
I rangle, Okla.: U. 8. Oeol. Survey Bui 901, pp. 82, 89, 1918. 
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A pipe-line sample of the Myers gas was 
found to contain 0.37 per cent of helium, and 
three samples from individual wells carried 
0.27, 0.35, and 0.43 per cent. (See p. 104.) 
The helium content of the Myers gas is thus 
distinctly lower than that of the gas of the 
Pearson field, though the gas is believed to 
occur at about the same horizon. As shown 
by the third analysis in the following table, 
the Myers gas is considerably lower in nitrogen 
than the Pearson gas: 

Analyses of gas from the Pearson and Myers fields, Oklahoma. 



Carbon dioxideCCOj) 

Oxygen (OA. 

Methane (CHJ 

Ethane (C.,H«) 

Retddue (N,, etc.) 

Heating value (Britidh 
thermal unit^i) 



Pearson 

field, eas 

St 900 feet. 



0.00 

.21 

61.91 

1.12 
46.86 



100.00 
520 



Myers field. 



Gas at 317 
feet. 



0.25 

.12 

76.60 

2.25 
20.78 



100.00 
778 



Qas at 1,150 
feet. 



0.86 

.00 

58.60 

5.69 
34.85 



100.00 
664 



In sec. 23, T. 26 N., R. 9 E., about 5 miles 
southeast of the Myers field proper, large vol- 
umes of shallow gas are reported. A deep well 
in that locaUty is said to have encountered a 
sand yielding 6 million cubic feet a day at a 
depth of 3 1 7 feet, one yielding 3 miUion cubic 
feet at a depth of 410 feet, and one yielding 
2 milhon cubic feet at a depth of 660 feet. 
This gas was not tested for helium, but, as 
shown by the second analysis in the above 
table, the gas at 317 feet carries 20.78 per cent 
of nitrogen and is probably at least as rich in 
helium as the gas in the main Myers field. 

PROSPECTIVE FIELDS IN WESTERN OSAGE COUNTY. 

The eastern part of Osage Coimty comprises 
some of the richest oil and gas territory in the 
Mid-Continent region, but that portion lying 
west of the Pearson and Myers fields is prac- 
tically undeveloped. This condition is due 
chiefly to the fact that the lands throughout 
the county are the common property of the 
Osage Tribe, and the leasing of the lands for 
oil and gas development has therefore been 
strictly controlled by the Government. Dur- 
ing the last year or two, however, a great many 
leases in the western Osage coxmtry have been 
sold, and within a short time a number of pools 
will doubtless be discovered. 



Production in the eastern part of Osage 
C!ounty and in Washington, Nowata, and Rog- 
ers counties, still farther east, is obtained from 
sands beneath the '* Oswego lime," or chiefly 
in the Cherokee shale. As shown by many 
analyses, the Cherokee gas is characterized by 
rather low nitrogen content, and therefore only 
a few samples of it were tested for helium. 
None of these samples contained more than 
0.1 per cent. The location of the principal gas 
fields in this region and data as to the helium 
or nitrogen content of the gas are shown on 
Plate I. 

Because of the prevailing westerly dip the 
Cherokee sands lie at considerable depths in 
the western part of Osage County, but higher 
sands which are productive elsewhere in north- 
em Oklahoma and southern Kansas lie at 
moderate depths. The geology of the western 
Osage country has been examined in detail by 
members of the Geological Survey,^ and a 
great many small folds of the type that has 
proved so productive farther east have been 
found. There is therefore no reason to doubt 
that the western Osage country will yield large 
volumes of gas and that a number of fields 
similar to those at Pearson and Myers will be 
developed in this region. 

From all the information at hand it appears 
that at least the northwestern part of Osage 
County should be productive of gas fairly rich 
in helium. The gas-bearing zones which occur 
at shallow depths in the western part of Osage 
County are equivalent to those which contain 
helium-rich gas in Chautauqua County and the 
eastern part of Cowley County, Kans. The 
district near Otto, Kans., for example, in which 
the gas contains 1 per cent of helium, lies only 
about 2 miles from the northern edge of Osage 
County and directly along the strike of the 
rocks. Moreover, the fact that the Myers field 
produces gas averaging about 0.4 per cent of 
helium and the Pearson field, about 6 miles to 
the west, produces gas averaging at least 0.5 
per cent, suggests a progressive increase in 
heliimi content toward the west. It is there- 
fore beUeved that gas containing at least 0.75 
per cent of heUum will be encountered in the 
northwestern part of Osage Coxmty at fairly 
shallow depths and that in all probability lai^e 
volumes of such gas will be available. So far 

o White, David, and others, Structure and oil and gas resourcpsof the 
Osage Reservation, Okla.: U. S. GeoL Survey BuU. 686 (in pree). 
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as can be judged this area comprises the best 
prospective helium territory in the United 
States. 

OTHXK MZD-OOHTZHSHT JPIBJLiDS. 

In addition to the fields already described, 
which are noteworthy as present or prospective 
sources of gas fairly rich in helium, there are 
many districts in the Mid-Continent region that 
yield small volumes of heliiun-rich gas or large 
volumes of gas containing only about 0.25 per 
cent of helium. The location and helium con- 
tent of these supplies are shown on Plate I, 
and data regarding the volume of the gas, the 
depth from which it is obtained, etc., are given 
in the tables at the end of this report. 

MINOR FIELDS IN KANSAS. 

Cady and McFarland in 1906 found a niun- 
ber of gases that contained more than 0.25 per 
cent of helium; in fact, as shown on Plate I, 
all the Kansas gases examined appear to con- 
tain measurable proportions of helium, and the 
average content of all the gas that has been 
produced in the State is probably more than 
0.15 per cent. Many of the fields investigated 
by Cady and McFarland are now, however, 
practically exhausted, for the gas resources of 
Kansas have been heavily drawn upon in the 
last 15 years, and since 1908 there has been a 
great decline in production. (See fig. 14.) A 
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TkamuB 14.— DJagmm diowlng productloo of natural gas in Kanaaa and 

Oklahoma. 

temporary increase was recorded in 1915-16, 
owing chiefly to the discovery of the Eldorado 
and Augusta fields, but production fell off 
again in 1917-18, and there seems to be small 
prospect of any notable increase in the future. 



One of the richest gases reported by Cady 
and McFarland was that from Eureka, in 
Greenwood County, two samples of which were 
found to carry 1.50 per cent of helium. The 
Eureka field was investigated in 1918 and was 
foimd to be practically exhausted, though a 
sample was collected and found to contain 1.42 
per cent of helium. The Moline and New 
Albany fields in Elk County, and the Burling- 
ton field, in Coffey County, all of which produce 
gas carrying about 0.5 per cent of helium, and 
the Fredonia field, in Wilson County, which 
yields gas carrying about 0.6 per cent, fur- 
nished considerable volumes of gas in 1906 but 
now produce only an insignificant supply. The 
same is true of the Buffalo, Altoona, and 
Neodesha fields, in Wilson Coimty, and the 
Chanute field, in Neosho County, all of which 
produce gas carrying about 0.3 per cent of 
helium; and of the Spring Hill field, in Johnson 
Coimty, and the Gamett field, in Anderson 
County, which yield gas carrying about 0.4 per 
cent. 

A number of fields have of course been dis- 
covered in Kansas since Cady and McFarland 
made their survey, but all of them except the 
Eldorado, Augusta, Otto, and Sedan fields are 
either small or yield gas rather poor in helium. 
The Beaumont field, in the southwestern part 
of Greenwood County, is perhaps the most 
promising, for it yields gas containing 0.86 per 
cent of helium. Although in July, 1918, there 
was only one gas well in this field, considerable 
volumes of gas were reported in all the sur- 
rounding oil wells, and it is probable that a pro- 
duction of several million cubic feet a day could 
be developed. A small supply of gas carrying 
0.65 per cent of helium has also been recently 
found near Virgil, and a larger supply contain- 
ing 0.36 per cent near Toronto, Greenwood 
County.- Near Winfield, Cowley County, there 
is an old field which is still capable of producing 
almost a million cubic feet a day of gas carrying 
0.38 per cent of helium. 

In Elk and Chautauqua counties several 
fields have recently been discovered that yield 
gas carrying more than 0.33 per cent of helium. 
Near Longton and Oak Valley, in the southeast 
comer of Elk County, there are two small 
pools of shallow gas containing 0.55 and 0.40 
per cent of helium. In September, 1918, 
each of these pools was producing about 1 
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million cubic feet a day, and the supply could 
doubtless be increased by further drilling. A 
largo volume of deep gas was also discovered in 
1918 near Oak Valley, but it contains only 
0.001 per cent of helium. The gas of the Hale 
and Havana fields, in the eastern part of Chau- 
tauqua County, averages about 0.36 per cent 
of helium, and in September, 1918, these fields 
were together producing about 10 million cubic 
feet a day. This supply can doubtless be in- 
creased. Most of the gas produced in the 
Chautauqua field, in the southern part of the 
coimty, is derived from deep sands and con- 
tains very little helium, but a small supply of 
gas is also obtained at a depth of 600 to 800 
feet, and this carries 0.21 to 0.43 per cent. 

MINOR FIBLDS IN OKLAHOMA. 

As shown in figure 14, Oklahoma produces a 
very large quantity of gas annually, and since 
1906 the production has steadily increased. In 
1917 Oklahoma furnished about 137 billion 
cubic feet and became the second largest gas- 
producing State in the Union. As shown on 
Plate I, however, the Oklahoma area of gas 
containing more than 0.5 per cent of helium is 
practically confined to the northwestern part of 
Osage County, whereas a very large proportion 
of the gas produced in Oklahoma is obtained 
from fields east of that area and from those in 
the southern part of the State. The average 
helium content of Oklahoma gas is therefore 
exceedingly small, and only a few fields outside 
of the western part of Osage County deserve 
special mention. 

As pointed out on page 40, the shallow gas 
produced in the western part of the northern 
Oklahoma petroleiun region is characteristically 
rich in nitrogen but poor in helium. For ex- 
ample, in the Pearson gas the ratio of nitrogen 
to heliimi is probably almost 100, and it attains 
a similar value in several other Oklahoma gases, 
whereas in the rich Kansas gas the ratio is 
usually less than 50. In other words, a Kansas 
gas containing 50 per cent of nitrogen is likely 
to carry about 1 per cent of helium, whereas an 
Oklahoma gas carrying the same proportion of 
nitrogen may contain only 0.5 per cent of 
helium. High-nitrogen gases have been found 
at many localities in the western parts of Osage 
and Pawnee counties and in Payne, Noble, and 
Kay coimties, Okla., but it must be borne in 
mind that a high-nitrogen gas in this district 
is not necessarily a gas rich in helium. 



The Pearson and Myers fields, in Osage 
Coimty, have already been described, and the 
prospective importance of the western Osage 
country as a source of helium-bearing gas has 
been pointed out. The only other field yet 
developed in the Osage region that may be of 
value as a source of helium is the Hominy field, 
which lies about 25 miles south of Pearson. 
This is primarily an oil field, but most of the 
wells report large volumes of gas at depths of 
about 500 feet. This gas has been cased off, 
but a few wells have been finished in a gas 
sand at about 1,000 feet. Three analyses of 
Hominy gas, probably that from the 1,000-foot 
horizon, show 15 to 20 per cent of nitrogen, 
and it is probable that the 500-foot gas is still 
higher in nitrogen and may therefore contain 
enough helium to be of commercial value. 

The Blackwell field, in the northern part of 
Kay County, is one of the largest gas fields in 
Oklahoma. Its productivity is due chiefly to 
the large niunber of gas-bearing sands present; 
one well, for example, encountered eight gas 
sands between 692 and 3,200 feet, the com- 
bined open flow of which was 116 million cubic 
feet daily.** Because of the large volumes of 
gas available in the Blackwell field and the 
fact that some of it occurs at shallow depths, 
six samples of the gas from different sands 
were tested for heliiun, but the highest content 
found was only 0.27 per cent. 

The Ponca City field, in the southern part of 
Kay County, produces a considerable quantity 
of oil and formerly yielded large volumes of 
gas, but the gas resources are now almost ex- 
hausted. The gas occurs chiefly at a depth of 
about 500 feet, and the sand is regarded as 
about equivalent to the 950-foot sand at 
Blackwell and more than 1,000 feet strati- 
graphically higher than the producing sands of 
the Pearson and Myers fields. An analysis of 
the gas by Prof. Allen showed 40.1 per cent of 
nitrogen, but the helium content of gas from 
the same well proved to be only 0.36 per cent 

The Billings field, in the northern part of 
Noble County, is chiefly an oil field, though 
large voliunes of gas are encountered at depths 
of 400 to 1,100 feet, and a little of this gas is 
produced to supply the local demand. A 
sample of gas occurring in Permian strata at a 
depth of 500 feet contained, however, only 
0.10 per cent of helimn, and a sample from a 

** Petroleum and natural gas in Oklahoma: Oklahoma 0«ol. Survey 
BulL 19, p. 272, 1917. 
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sand at 1,036 feet was found to cany 0.39 per 
cent. As shown by analysis 21, on page 39, 
this gas contains 42.5 per cent of nitrogen. 

The Morrison field, in the western part of 
Pawnee County, has produced large volumes 
of gas, though the output is now declining. 
The gas occurs at a depth of about 2,000 feet 
and carries 22 to 25 per cent of nitrogen but 
only about 0.24 per cent of helium. 

The Ingalls field, about 10 miles east of 
Stillwater, Payne County, contains only half 



A small supply of gas said to contain 30 per 
cent of nitrogen has been found about 7 miles 
south of Bristow, Creek County, but this gas 
proved to contain only 0.15 per cent of helium. 

Large volumes of gas are now produced in 
southern Oklahoma, and further supplies will 
doubtless be discovered in that region. All 
the existing sources in southern Oklahoma 
have been sampled, however, and have proved 
to be very poor in helium. (See PI. Ill and 
p. 27.) 
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a dozen oil and gas wells and is of interest 

chiefly because of the high nitrogen content of 

the gas and because of the large flows reported. 

In the first gas well a flow estimated at 21 

million cubic feet of gas a day was found at 

650 feet, another of 57 'million cubic feet at 

1,760 feet, and one of 30 million cubic feet at 

about 3,200 feet. The shallow gas was cased 

oflF, but the gas at 1,760 feet was produced for 

about a year. Analyses of this gas showed 

from 50 to 54 per cent of nitrogen, and a sample 

which is thought to represent the same gas 

contained 0.35 per cent of helium. A sample 

from a deeper sand carried only 0.05 per cent 

of helium. It was not possible to obtain a 

sample of the 650-foot gas, which is doubtless 

richer in helium than that at 1,760 feet, but it 

is believed that no great supply of either of 

these gases can be developed. 



SrOBTH TEXAS SEGIOK. 



LOCATION AND EXTENT. 



The Petrolia field, which is in the northern 
part of Clay County, Tex., contains at present 
the largest available supply of helium-bearing 
gas and has in fact furnished all the helium so 
far produced by the Government. The field 
lies about 16 miles northeast of the city of 
Wichita Falls, with which it is connected by the 
Wichita VaUey Railroad. In the north end of 
the field is the town of Petrolia, and about 2^ 
miles south of the town is the Government 
plant for extracting helium. (See fig. 15.) 

The field is eUiptical in shape, extending 
about 3^ miles from northeast to southwest and 
about 4 miles from northwest to southeast. 
In June, 1918, there were some 350 wells in the 
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Petrolia field, but about 250 of them are oil 
wells, averaging only 300 feet in depth. The 
gas-bearing beds lie at a depth of 1,550 to 
1,750 feet and in places carry some oil. Of 
the wells drilled to this horizon about 65 found 
gas in commercial quantities, and about 35 
found oil. The limits of the field are now 
pretty well defined by dry holes. 



GEOLOGIC OUTUNE. 



The surface rocks in the Petrolia field belong 
to the Wichita formation, of Permian age. 
These beds extend to a depth of 1,000 feet or 
so, and the deep oil and gas probably occur in 
the Cisco formation, of upper Pennsylvanian 
age. 

As shown in figure 15, the field is on the 
crest of an irregular anticline, the long axis of 
which within the field trends about north- 
northwest. According to Shaw,** there is 
probably, however, a branch anticline or nose 
extending to the northeast, and a similar nose 
extending to the northwest. The best produc- 
tion has in general been obtained from the 
highest part of the main anticline, although 
there are many local irregularities caused by 
variations in the porosity of the sand. 

Commercial supplies of gas are apparently 
confined to a group of beds which in the center 
of the field lie at depths of 1,500 to 1,750 feet. 
A study of the well logs indicates that there 
are two fairly persistent sands, or groups of 
sands — one lying at a depth of about 1,550 
feet and the other at about 1,700 feet. A gas 
zone intermediate between these two is also 
reported in most wells, and there are in addition 
a number of *' stray'' sand lenses. All the 
individual sands are discontinuous and irregu- 
lar, however, and can be traced only for short 
distances. In most of the wells the sands at 
the three main horizons are all more or less 
productive, but a few wells have found gas 
only in the lower group of sands. On the 
other hand, some of the wells, especially the 
earlier ones, stopped in the upper or middle 
sands, and the lower ones have not been 
tested. 

The general character of the gas-bearing 
beds is shown in the following partial logs: 

4^ Shaw, E. W., Matson, O. C, and Wegemaim, C. H., Natural-gas 
resouroes of parts of north Texas: U. S. Geol. Survey Bull. 029, pp. 

2&^i, me. 



Typical logs ofweUa in the Petrolia field, Tex, 



LodaMge w«a 1. 

Feet. 

Shale 1,165^1,200 

Black shale.... 1,200-1,285 

Dry sand 1,285-1,300 

Shale 1,300-1,305 

Sand 1,305-1,315 

Blue shale 1, 315-1, 463 

Gas sand I,4a3-1,473 

Bedrock 1, 473-1, 4S5 

Gassand 1,48^1,490 

Slate and shells 1, 490-1, 529 

Gassand 1,529-1,539 

Slate 1,53&-1,5C7 

Gas sand 1, 5C7-1, 577 

Slate 1.577-1,606 

Gassand 1,606-1,624 

Slate 1,624-1,6-18 

Gassand 1,648-1,660 



sttM on a gm co^ sum w«ii i. 

Feet. 

Water sand ... 1, 322-1, 348 
Blue shale ... 1,348-1,365 

Bedrock 1,365-1,372 

Blue shale 1, 372-1, 470 

White slate. .. . 1,470-1,551 
Sand (dry, but 

probably 

represents 

upper gas 

sand in 

other wells) . 1, 651-1, 555 

Shalo 1,555-1.682 

Sandy shale.. 1,682-1.694 

Gassand 1,694-1,708 

Blue shale 1,708-1,719 

Gas sand (16 

million cu- 
bic feet).... 1,719-1,731 
Blue shale .... 1 , 731- 1, 739 
Broken sand . . 1, 73^-1, 744 
Blue shale. ... 1, 744-1, 750 

Sand shale 1,750-1,752 

Red shale 1,752-1,755 

Blue shale 1, 755-1, 757 

Broken sand.. 1,757-1,763 
Blue shale 1,763-1,783 



QUALmr OF THE OAS. 

Since the Goveminent began operations in 
the Petrolia field the helium content of the gas 
has been repeatedly determined and appears to 
average about 0.93 per cent. The proportion 
of helium is not constant from week to week, 
however, but varies by as much as 0.1 per cent. 
This is shown by the following tests made by 
different chemists over a period of six months: 

TesU of the Kdium content of Petrolia gas. 



Date (1917). 



June 13. 
Oct. 8.. 
Oct. 30. 
Do. 
Nov. 6.. 
Nov. 15. 
Nov. 19. 
Nov. 23. 
Nov, 19. 
Dec. 11. 



Chemist. 



H.P. Cadv 

do...' 

Moored Yancey. 

H. P. Cady 

J. C. Satterlv. . . . 

do ;.... 

H.P. Cady 

J. C. Satterly.... 

H.P. Cady 

do 



For cent 
of helium. 



0.88 
.86 
.966 
.89 
.95 
.93 
.945 
.92 
.954 
.985 



These tests show an apparent increase in 
helium content from month to month, but 
whether this is a regular increase that is likely 
to continue or simply a fortuitous variation 
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due to analytical error or to unexplained 
natural causes is not clear. 

The tests of 10 samples of gas from indi- 
vidual wells given on page 86 show a range in 
helium content between 0.65 and 1.18 per cent, 
and the gas in the uppermost group of sands 
seems to be somewhat richer than that in the 
others. There is^ however, no marked and 
constant difference in helium content between 
gases from different parts of the producing 
zone, and there appears to be no possibility of 
segregating the richest gas. 

The general quality of the Petrolia gas is 
shown by the following anal3rses: 

Analyies of gas from the Petrolia field. 





1 


2 


3 


4 


Carbon dioxide (CO,) 

Oxyeen (0«) 


0.2 

.0 

48.4 

12.8 

38.6 


0.2 

.0 

52.7 

9.3 
37.8 


0.0 

.0 

51.1 

10.0 

38.9 


0.0 
.0 


\f Athene (^" -) 


51.5 


Ethane (u^H.) 


10.2 


Nitroceno (n,) 


38.3 






Heating value (Britifih 
thermal units per cubic 
foot at 0*» C. and 760 
miilimeterB preesure) . . . 

Specific gravity 


100.0 

755 
0.78 


100.0 

734 
0.76 


100.0 

730 
0.76 


100.0 

738 
0.76 







o Includes helium. 

1,2. ated from U. 8. OeoL Survey Bull. 029, p. 41, 1016. 1. (Ha from 
ICatlodc well 1, which supplies Petrolia; analysis by O. A. BurreU, 
Bureau of Mines. 2. Oas from Beatty well 1; analysis fuinished by 
Lone Star Oas Co. 

3,4. Pipe-line samples of Petrolia g/a, collected in September and 
October, 1914. at Fort Worth, Tex., and analysed by the Bureau of 
ICines. Cited from Bureau of Mines Tech. Paper 109, p. 7, 1916. 

PBODxrcnoK of the field. 

The first gas well in the Petrolia field was 
drilled in October, 1907, and was reported to 
have had a 4-ininute pressure of 470 pounds 
to the square inch and a capacity of 8 to 10 
million cubic feet a day. Most of the other 
early welk, however, had initial pressures of 
600 to 740 pounds and open flows of 10 to 40 
million cubic feet. Most of the recent wells 
have come in with pressures of 200 to 300 
pounds and flows of 2 to 15 million cubic feet. 
The average pressure of all wells in the field on 
June 1, 1918, was 82 pounds, and the average 
open flow on January 1, 1918, was 1,686>000 
cubic feet. 

About 65 successful gas wells have been 
drilled in the field, and 53 of them are now 
producing. Nine of the thirteen wells drilled 
in 1909 are still producing^ though during 1917 



about a dozen wells were exhausted and aban- 
doned. Nearly all the producing weUs were 
drilled by oil companies in the search for oil, 
and in miany wells much gas was wasted before 
the well was taken over by the gas company. 

The following table gives statistics of the 
decline of rock pressure and open flow and also 
tlie quantity of gas marketed by the Lone Star 
Gas Co. The figures showing production for 
1916 and especially for 1917 are low, for during 
these years much gas was lost .through pipe-line 
leaks. The total gas marketed by the Lone 
Star Co. to date is about 60 billion cubic feet, 
and it is probable that nearly 10 billion cubic 
feet has been marketed by other companies. It 
seems safe to assimie that 20 billion cubic feet 
has been used for fuel in the field, wasted in drill- 
ing or repairing wells, and lost through pipe- 
line leaks, making a total of approximately 90 
billion cubic feet removed from the sands. 

Rod pressure^ open-flow capacity ^ and partial production of 

Petrolia field, 1910-1918. 





Average 
rock 

pressure 
Jan.l: 

(pounds 


Open flow on Jan. 1. 


Oas marketed 
bv Lone Star 
Oas Co. (M 
. cubic feet). 


Year. 


Num- 
ber of 
weUs 
tested. 


Combined 

open flow 

(M cubic 

feet). 


Average 

oerwell 

(m cubic 

toet). 


1910 




1 
1 




1,583,080 


1911 










5. 175. 196 


1912 


659 
621 
511 
318 
239 
174 
87 








7. 186, 322 


1913 








10, 089, 135 
9, 683. 293 


1914 








1915 

1916 

1917 

1918 


41 
43 
46 
45 


365,090 
272, 346 
190,503 

75,855 


8,904 
6,484 
4,141 
1,686 


8, 999, 837 
8, 945, 522 
6, 101, 167 







DURATION OP THE SUPPLY. 



Figure 16 shows graphicaUy the decline of 
average rock pressure and the number of wells 
producing by months from 1912 to 1918. The 
decUne of average open-flow capacity from 
January 1, 1915, to January 1, 1918, is also 
shown. The curve sketched in the diagram 
indicates tihat the pressiu*e will reach zero in 
1921. However, as the form of the curve for 
past years has been determined partly by the 
production of the field, which reached 45 mil- 
lion cubic feet on certain days during the winter 
of 1917-18, it is evident that if the production 
of the field were reduced to 12 or 15 million feet 
a day the curve would flatten and the field's 
life would be extended by a number of months. 
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Any new wells drilled in largely exhausted 
territory will tend to steepen the curve, unless 
production is held back, but wells drilled in 
relatively undepleted areas will, if successful, 
raise and flatten the curve. It will doubtless 
also be possible to reduce the line pressure 
below atmospheric pressure and thus extend 
the field's life beyond the point indicated. 

In 1916 Shaw^ estimated the original 
volume of gas in the Petrolia field to be 120 
billion cubic feet,, using the following factors: 
Area of the field, 15 square miles; average 
thickness of sand, 30 feet; porosity of sand, 20 
per cent; and original rock pressure, 725 pounds 
to the square inch. In 1918 the writer made an 
independent estimate on the basis of somewhat 



lower than would be expected from the esti- 
mate of the total gas marketed and wasted (90 
billion cubic feet). The discrepancy may be 
due to the fact that the field contains several 
areas which are probably productive but which 
have never been drilled and in which, therefore, 
the pressure is considerably above 82 pounds 
to the square inch. If these areas prove to be 
productive, the true average pressure for the 
field in July, 1918, was probably over 100 
pounds, and the quantity of gas remaining 
was probably nearer 25 billion cubic feet. 

On the other hand, it must be recognized 
that the foregoing method of estimating the 
volume of gas remaining is likely to give re- 
sults somewhat too high, for it is based on the 



1911 



I9l2 



1913 



1914 



1915 



1916 



1917 



I9t8 



I9t9 



1920 



1921 




FiouBS 16.— Curve showing average dosed preasore and average open flow of gas weUs o( Lone Star Oas Co. In the Petrolia field, Tex. 



different factors but arrived at the same figure. 
If we assume for the moment that the decline 
in rock pressure is an exact index of the de- 
crease in volimie of gas in the sand, and accept 
120 billion cubic feet as the original volume, it 
is obviously possible to calculate the amount 
remaining in the sands at any given date. For 
example, in July, 1918, when the average rock 
pressure was 82 poimds to the square inch, it 
would appear that about 13^ billion cubic feet 
of gas remained in the sands, or a supply of 15 
million cubic feet a day for 2 J years. This is 
somewhat lower than the estimate based on the 
curve showing decline in pressure and is also 

<• op. Cit.. pp. 36-40. 



assiunption that the decline in rock pressure 
is due wholly to the removal of gas and is not 
affected by other conditions. If the pressure 
is being partly maintained by water in the 
sands, which migrates up the dip as the gas is 
removed, it is evident that the calculated 
voliune of gas may be considerably greater 
than the true voliune. In the Petrolia field 
there are some indications that water may be 
following the gas up the dip and thus main- 
taining the pressure to some extent, though 
water troubles have not been serious. Most 
of the old wells show some water, but it is 
probably top water that is leaking down behind 
the casing rather than water in the gas sands. 
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F088IBIUTT OF BXTBNSION8 OF THX FBLD. 

Although the two foregoing estimates agree 
in placing the life of the field at two and one- 
half to three years from the middle of 1918, 
experience in other areas indicates that several 
factors tend to prolong the life of a field some- 
what beyond the period estimated. Few if 
any fields are known that were capable of sup- 
plying as much as 45 million cubic feet a day 
against positive line pressure in the third year 
before their complete exhaustion. The chief 
factors tending to prolong the life of a field are 
the probability of discovering small extensions 
of the field and the tendency in the later part 
of the life of a field toward more eflScient con- 
servation and toward the utilization of small 
flows. 

The Petrolia field is now pretty well bounded 
by dry holes, and there is no reason to expect 
any important extension of the producing area, 
but there are several small undrilled districts 
which appear promising. The largest of these 
is the supposed branch anticline on the north- 
eastern slope of the main fold, which includes 
at least a square mile of imdrilled territory. 
(See fig. 15.) Another possible area is at the 
south edge of the field, iq blocks 61, 71, and 72. 
There are several wells in this area listed as 
dry holes, but at least one of them is reported 
to have had a daily capacity of about 7 mil- 
lion cubic feet. In the western part of the 
field there is also a strip of territory about half 
a mile wide and 1^ miles long, which has not 
been properly tested. Finally, there is a possi- 
bility of finding a small pool of gas about 2 
miles west of the main field. An old well 
about a mile west of the field has been pro- 
ducing enough gas to furnish fuel for drilling 
wells for years. About a mile still farther 
west is a group of oil wells about 1,000 feet 
deep and one gas well which foimd a sand 
yielding 6 million cubic feet a day at a depth 
of 1,671 feet, or about the horizon of the gas 
sands in the main field . The gas from this weU 
was sampled and found to contain 1.18 per 
cent of helium. 

The chance of increasing the supply by find- 
ing deeper sands, however, is not particularly 
promising, as a number of deep wells on the 
outskirts of the field have encoimtered a great 
thickness of hard, water-bearing limestone at a 
depth of about 2,000 feet. There are, how- 
ever, about eighteen gas wells within the field 



which do not penetrate the entire gas-bearing 
zone, and these wells could doubtless be im- 
proved by deepening. 

Aside from the probability of extending the 
field, the effects of rigid conservation should be 
considered. The Petrolia gas is too high in 
nitrogen to be entirely satisfactory as a fuel, 
but it is rich in the higher hydrocarbons, which 
are condensed as gasoline, and it also has a 
special value as a source of helium. For these 
reasons it should be possible with the powerful 
compressor plant already installed to handle 
profitably wells with flows as low as half a mil- 
lion cubic feet a day; and whether many large 
wells can yet be brought in around the edges of 
the field or not, it is fairly certain that a num- 
ber of such small wells can be developed. 
Moreover, the value of the gas justifies every 
precaution to reduce the waste of gas during 
drilling, as well as to keep the wells operat- 
ing at the highest standard of eflSciency. 

OTHB& FZXLDB DT VOBTHBRV TXZAS. 

In 1916, when a careful survey of the gas re- 
sources of northern Texas was made by Shaw 
and Matson,^^ the only large fields were the 
PetroUa and Mexia-Groesbeck fields. Since 
that time, however, the great oil and gas pools 
in the Ranger r^on have been discovered, and 
an enormous potential production of gas has 
already been developed. All sources of supply 
in the Ranger r^on and elsewhere in northern 
Texas were sampled in the siunmer of 1918, but 
none of the gases were found to be rich in 
heUum. None of these gases, however, occur 
at the horizon of the Petrolia gas, and as the 
limits of the producing ^eas are still imde- 
fined and prospecting is still active it is possible 
that supplies of heUum-rich gas will yet be 
discovered. 

The Electra and Burkbumett fields, a short 
distance west of Petrolia, produce only oil, 
which is derived from about the same horizon 
as the gas at Petrolia. Still farther west, in 
the central part of Wilbarger Coimty, four 
wells drilled some years ago found small 
supplies of gas probably at a horizon somewhat 
above that of the productive sands at Petrolia. 
These wells are now exhausted, and no samples 
of the gas could be obtained. 

On the Matthews ranch, in the southern part 
of Throckmorton County, five wells have been 

« Shaw, E. W.y liaison, O. C, and Wegemann, C. H., op. cH. 
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drilled, two of which found small volumes of 
gas at a depth of 1,050 feet. One of the wells 
was abandoned after two years of very moder- 
ate use, and the other had in July, 1918, an 
open flow of less than half a million cubic feet 
a day. Two samples of the gas tested for 
helium showed 0.22 and 0.73 per cent. The 
district was not visited by the writer, but in 
the opinion of the operator who drilled the 
wells there is little prospect of developing a 
conmiercial supply of the gas. 

The Moran field, in the southeast comer of 
Shackelford Coimty, contains about a dozen 
gas wells and a somewhat larger number of 
oil weUs. One of the gas wells is 2,930 feet 
and another about 2,700 feet deep, but the 
others are approximately 2,000 feet deep. 
The open flow of the wells ranges between 
3 million and 15 million cubic feet a day, and 
in July, 1918, the daily capacity of the field 
was perhaps 15 or 20 million cubic feet. Five 
samples of Moran gas were tested and found to 
contain from 0.27 to 0.41 per cent of helium. 
A pipe-line sample collected in January, 1918, 
contained 0.38 per cent, but a pipe-line sample 
collected in July showed only 0.27 per cent* 

In the Ranger, Caddo, and Breckenridge 
fields, in Stephens and Eastland counties, oil 
and gas are produced chiefly from the Smith- 
wick shale and Marble Falls limestone at depths 
of 3,000 to 3,500 feet, and this gas contains 
less than 0.1 per cent of helium. One well in 
the Breckenridge field, however, found gas in 
the Strawn formation at a depth of 2,230 feet 
and a sample of this gas carried 0.44 per cent 
of helium. 

In the La Casa field, in Stephens County, 
and in the Strawn and Mineral Wells fields, in 
Palo Pinto County, large volumes of gas are 
produced from the Strawn formation. Two 
samples of gas from these fields showed only 
a trace of helium, and six others carried be- 
tween 0.17 and 0.32 per cent, but the richer 
samples represent only a very small part of the 
supply. (See p. 106.) 

Gas has been found in several wells near 
Bangs, in the western part of Brown Coimty, 
and two samples of this gas contained 0.35 
and 0.38 per cent of helium. A sample of gas 
from a well soUth of Coleman, in Coleman 
County, contained 0.22 per cent of helium, 
but the gas of the Tricldiam field, about 20 
miles to the southwest, contains none. 



APPALACHIAH SEGHOK. 
VXHTOV COtnrTY FIXIiD. OHIO. 

The field in Vinton Coimty, Ohio, as at present 
developed centers in Richland Township (T. 9 
N., R. 18 W.), but development is extending 
into the neighboring townships and the limits 
of the field are not yet defined. The field lies 
about 60 miles south of Colimibus and about 
3 miles west of the town of McArthur, on the 
Hocking Valley Railroad. 

The main producing sand in the Vinton 
County field is in the Clinton sand, which is 
encountered at depths ranging between 1,700 
and 2,400 feet. (See p. 102.) The accumula- 
tion of gas is not controlled by folding of the 
rocks but chiefly by the fact that the eastward- 
dipping Clinton sand feathers out and merges 
into shale in the western part of the county, 
the gas having apparently migrated up the dip 
and collected in the thinning edge of the sand. 
Similar conditions prevail along the strike of 
the rocks as far to the north as Cleveland,^* 
and the sand is thus productive in many areas 
in a broad belt extending north and south in 
central Ohio. (See fig. 5.) The sand is some- 
what variable in porosity and, of course, does 
not everywhere yield gas, but the Clinton 
fields, broadly considered, form an almost 
continuous bdt of productive territory. The 
Vinton County pool lies at the southern extrem- 
ity of the belt and is separated from the main 
fields by an area that has not yet proved pro- 
ductive, though a small pool has been dis- 
covered in the southern part of Hocking 
County, about 8 miles north of the main Vin- 
ton field. The gas in the Hocking County 
pool contains less heliimi than that in the Vin- 
ton field, and most of the Clinton gas north of 
Logan contains little nitrogen, and is presum- 
ably very poor in heliimi. It would therefore 
appear that the area in which the Clinton gas 
may be regarded as a source of helium does not 
extend far north of Hocking County; its 
southern limit, however, remains to be deter- 
mined. 

Drilling in the Vinton County area became 
active in 1916. In September, 1918, there 
were about 180 producing wells in the coimty, 
having an estimated potential production of 
65 million cubic feet a day. As considerable 
areas that may be regarded as practically 

• Rogers, Q. 8., The Cleveland sae field, Cayahoga County, Ohio: 
U. 6. Oeol. Suxrey Bull. 661, pp. 1-68, 1018. 
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proved remain to be drilled, it is believed that 
the production could be increased to 100 mil- 
lion cubic feet a day and could be maintained 
at this figure for several years. The rock 
pressure of the wells in September, 1918, aver- 
aged about 700 poimds to the square inch. 

Eighteen samples of Clinton gas from the 
Vinton County field showed an average heliiun 
content of 0.37 per cent, the extremes being 
0.48 and 0.20 per cent. (See p. 102.) Two 
samples of gas from a sand near the horizon of 
the Berea, about 1,800 feet stratigraphically 
above the Clinton, contained 0.39 and 0.40 
per cent, but the volume of this gas available 
is insignificant in comparison with that of the 
Clinton gas. Two samples of Clinton gas from 
the small pool in Hocking County contained 
0.30 and 0.32 per cent of helium. 

On the assumption that the Vinton County 
field is capable of producing 75 million cubic 
feet daily of gas carrying 0.37 per cent of he- 
lium, it is evident that the daily production of 
helium would be 277,500 cubic feet, which is 
more than twice as much as the Petrolia field 
is capable of producing. The utilization of 
the Vinton County gas as a commercial source 
of heliiun, however, depends entirely on con- 
ditions limiting the process of extraction. The 
results so far obtained in the experimental 
plants at Fort Worth indicate that the expense 
of treating a gas carrying only 0.37 per cent of 
helium, by either the Linde or the Claude 
process, would be prohibitive, but the Jeffries- 
Norton process offers promise of reducing the 
cost to a point at which such a gas could be 
profitably treated. If this can be done the 
lai^e voliune of gas available in Vinton County 
and its high pressure render the field very 
attractive as a source of heliiun. 

BOCXT MOUNTAIN AND PACIFIC COAST 

KEGIONS. 

Gas containing about 0.3 per cent of helium 
has been found at three localities in the Rocky 
Mountain and Pacific coast regions, but the 
volumes available do not appear to be large. 
In view of the low helium content of the gas, 
the uncertainty as to the volume of the supply, 
and the location of the fields at considerable 
distances from manufacturing centers, these 
areas can not at present be regarded as com- 
mercial sources of heliiun. The main fea- 



tures of these fields have been described on 
pages 32-33. 

AVAILABLE SUPPLY OF HELinM IN THE TTNTTED 

STATES. 

Gas fields are usually short lived in compari- 
son with oil fields, but local conditions cause so 
much variation in the way in which gas wells are 
handled that it is impossible to formulate any 
rule as to the length of the productive period. 

The maximum possible production of a gas 
well is its open flow — that is, the volume of gas 
that it is capable of delivering against atmos- 
pheric pressure — ^but if the well is allowed thus 
to flow open its yield diminishes very rapidly. 
In every field it is customary to maintain a 
definite pressure in the pipe line to which the 
well is attached and thus prevent the well from 
producing more than a part of its capacity. In 
some fields, however, the demand is such as to 
warrant taking 50 or 60 per cent of the open 
flow, whereas in others the production is held 
dowij to 20 or 25 per cent. By holding back 
the production the life of the field is of course 
lengthened and water troubles are more likely 
to be avoided, thus possibly increasing the 
total volume of gas ultimately recovered. • 

Because of this variation in operating con- 
ditions, no estimate of the available supply of 
helium that could be given here would have 
any permanent value; and furthermore, until 
processes of extraction are perfected it will be 
uncertain how lean a gas can be profitably 
treated. In September, 1918, the writer esti- 
mated that the Petrolia, Eldorado, Augusta, 
Dexter-Otto, and Sedan districts, all of which 
yield gas averaging more than 0.85 per cent of 
helium, were capable of producing a total of 
363,800 cubic feet of helium daily for the next 
two and one-half to three years, provided some 
additional drilling were done and that the pro- 
duction were held down to 20 or 25 per cent of 
the open flow. Conditions have changed since 
the estimate was made, however, for during the 
winter of 1918-19 some of these fields produced 
considerably more than 20 to 25 per cent of 
their open-flow capacity, and the amount of 
gas remaining in the sands has been corre- 
spondingly decreased. 

If gas containing as little as 0.5 per cent of 
heUum can be profitably treated, the Pearson 
field and the neighboring territory will probably 
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furnish a laige supply, and it also appears 
probable that the western Osage country will 
yield gas carrying at least as much helium as 
that of the Pearson field. If gas containing as 
little as 0.37 per cent of helium can be treated, 
the Vinton County field is capable of furnishing 
at least a quarter of a million cubic feet of he- 
lium daily for several years. Taking into ac- 
count every field producing at least 3 million 
cubic feet a day of raw gas containing at least 
0.35 per cent of helium, the writer estimated in 
September, 1918, that a weekly production of 
about 6 million cubic feet of helium (not count- 
ing losses in extraction) could be maintained 
for two and one-half to three years. 

As the extraction of helium in large quanti- 
ties involves the installation of powerful com- 
pressors and other expensive machinery, it is 
obviously desirable to start operations in a 
field which is still young and in which the rock 
pressure is still high. Furthermore, it is desir- 
able that the operations shall be aimed pri- 
marily at recovering the helium content of the 
gas and that the production be maintained, 
sunmier and winter, at a constant figure equal 
to the capacity of the extraction plant, thus pro- 
longing the life of the field and extending the 
period of usefulness of the plant. Most of the 
helium-bearing fields of Kansas are now old 
and their product is in great demand as fuel, 
but the Pearson field, in Oklahoma, and the 
Vinton Coimty field, in Ohio, are still compara- 
tively young, and much of their product could 
be used as a source of helium without disturbing 
the local market. If new fields of helium-rich 
gas are discovered in the western Osage country 
or in northern Texas the operating conditions 
will of course be even more favorable. 

POSSIBLB SOUBCSS OF HSIIUM IN OTHKB 

COUNTBIBS. 

As the conditions governing the occurrence 
of helium are very imperfectly known, it is 
impossible to forecast the importance of the 
supplies that may be developed in other coun- 
tries. It may be of interest, however, to re- 
view the occurrences of helimn abroad, as 
described in the literature, and to consider abo 
the application to foreign fields of the principles 
that seem to govern the occiurence of helium in 
the United States. 

So far as can be judged from the literature, 
no commercial supplies of helium-bearing nat- 



ural gas have yet been discovered outside of 
North America. According to the writer's 
information, the richest gas in Canada is that of 
the Bow Island field. Alberta, which contains 
0.30 per cent of heliimi and of which at the 
present time an open flow of about 15 million 
cubic feet is available. It is reported that 
attempts to extract the helium from the Bow 
Island gas have not been successful, though 
with an improvement in the extraction pro- 
cesses this gas may yet become a commercial 
source. Furthermore, considerable quantities 
of oil and gas are produced in other parts of 
Canada, where the conditions of occurrence are 
similar to those in the United States, and it is 
not imlikely that gas richer in helium than that 
of the Bow Island field will be discovered. 

As described on pages 33-34 all but one of 
the European natural gases that have been 
tested contain negligible proportions of helium. 
The only gas rich enough to be considered a 
possible commercial source is the gas obtained 
from the deep test hole at Pechelbronn, AJsace, 
which contains 0.38 per cent of helium, but 
apparently only a very small volume of tlus 
gas is available. 

It would of course be unwise to infer, from 
the results of half a dozen tests, that no heUum- 
bearing natural gas occurs outside of North 
America, though several lines of reasoning 
lead to the conclusion that such gas is less 
likely to be found in the other continents. 
In the first place, the United States, which has 
contributed 60 per cent of the world's total 
output of oil, has furnished a very much 
larger proportion of the world's output of gas. 
This is doubtless due partly to the fact that 
most foreign petroleum regions are inaccessible 
and remote from centers of industrial activity, 
so that there is little market for the gas that 
may be found; but it seems safe to conclude, 
nevertheless, that natural gas is far more 
abundant in the United States than in any 
other country yet explored for petroleum. The 
only gas field in Europe comparable in size to 
the great North American fields is in Transyl- 
vania, and the several samples of gas from that 
field that have been tested contain practically 
no helium. As natural gas is more plentifiil 
in the United States than elsewhere, it might 
be argued, simply on the theory of chances, 
that the helium-bearing variety is also more 
plentiful. 
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The conditions under which helinm-bearing 
natural gas occurs in the United States also 
suggest that such gas is less likely to be found 
in other countries, though it must of course 
be recognized that these conditions may not 
prove to be of universal application. Except 
in the United States, Canada, and China, the 
world's output of oil and gas is at present 
derived wholly from Cretaceous and Tertiary 
strata, and in the United States the Creta- 
ceous and Tertiary gases are characteristically 
poor in helium. Only about a dozen samples 
out of the seventy-five tested contained 
measurable proportions of heliiun, and only 
two contained as much as 0.3 per cent. The 
occurrence of 0.3 per cent in two samples 
indicates that there is no fundamental reason 
why heliiun should not occur in Cretaceous and 
Tertiary gases, but the large number of samples 
that contain no heliiun whatever surest that 
such occurrences are rare. Finally, all helium- 
bearing natural gases in the United States are 
rich in nitrogen, whereas the many analyses of 
European gases that have been published show 
in general a low nitrogen content.^ Only 
two accounts of high-nitrogen gas in Eiu'ope 
have come to the writer's attention — the deep 
gas at Pechelbronn, which contains 46.55 per 
cent of nitrogen and 0.38 per cent of heUiun 
(see p. 34), and a gas discovered in 1906 at 
Nowo-Usensk, in the Government of Samara, 
Russia. Two analyses of this gas showed 
20.70 and 40.86 per cent of nitrogen, but the 
proportion of helium was imdetermined." 
Charitschkoff,** however, stated in 1907 that 
many of the Russian gases are rich in nitro- 
gen and should be tested for helium, but that 
up to that time no search for helium had been 
made. 

It is not to be inferred from the foregoing 
remarks that heliimi has not been foimd in 

« Engler has compiled a great many analyses of gas from various 
European countries. A number of these analyses show a high nitrogen 
content but also a high proportion of oxj'gen, indicating that the sample 
was contaminated by air. Engler, C, Das ErdOl, Band 1, pp. 738-744, 
Leipzig, 1913. 

M The analyses also show 4.22 and 10.65 per cent of hydrogen and may 
therelbre be regarded with some suspicion. Doss, B. Dber das Natur- 
gasbohrloch auf dcm Gute der Gebrilder Melnikow im Kreise Nowo- 
Usensk, GouYemement Samara [abstract]: Geol. Centralblatt, vol. 13, 
p. 8, 1909; Eine neue Lagerst&tte von Naturgas in Russland [abstract): 
Idem, p. 455; t^ber das dritte Gasbohrloch auf dem Gute der Gebrilder 
Melnikow im Oouvemement Samara nebst erganzenden Untersuchun> 
gen fiber das xweite Bohrloch ebendaselbst: Idem, vol. 18, p. 55, 1912. 

u Charitschkoff, K., Neue Mitteilungen fiber die Naphtachemie: 
Petroleum Zeitschr., vol. 2, p. 712, 1907. 



quantity outside of North America, for as 
described on pages 47-51; the gases of a number 
of European mineral springs and fumaroles 
and the fire damp of some European mines 
carry helium. The gases of three mineral 
sprmgs at Santenay, Prance, carry more than 
8 per cent of helimn, or more than four times as 
much as the richest natural gas in the United 
States. The supply of these gases available, 
however, is small, and the total volume of 
helium emitted by these three springs in the 
course of a year amoimts to less than 1,000 
cubic feet, or only a fraction as much as the 
average well in the Petrolia field yields daily. 
(See p. 87.) A spring at N6ris, Prance, which 
emits gas containing 0.97 per cent of helium 
and produces about 1,200 cubic feet of helium 
yearly, appears to be the most productive 
single source of gas rich enough to be treated 
on a commercial scale. The mine gases, on 
the other hand, carry large volumes of helium, 
but the percentage is so small that the helium 
could not be profitably extracted. The coal 
mine at Anzin, Prance, for example, emits about 
154,000 cubic feet of helium yearly, but the 
proportion of helium in the gas is only 0.044 per 
cent. (See p. 47.) The mineral springs and 
mine gases of Europe have been thoroughly 
investigated by Moureu and his associates, and 
it is improbable that any commercial sources 
of helium will be discovered among them. 

The Italian f umarole and volcanic gases seem 
more likely to yield helium in commercial pro- 
portions and volume, though the richest gas 
recorded in the literature contains only 0.0155 
per cent of heUum. (See p. 51.) The helium 
content of many other similar gases was in- 
vestigated during the war by the ItaUan au- 
thorities, and unsuccessful attempts were made 
to extract the helium on commercial scale for 
use in balloons. It has been reported, however, 
that gas containing 4 per cent of helium has 
recently been discovered in the boric-acid 
soffiones of Tuscany. As shown by the anal- 
yses on page 51, such gas generally consists 
chiefly of carbon dioxide and hydrogen sul- 
phide, and as these constituents can easily be 
removed by chemical methods the extraction 
of only 1 per cent of helium from such a gas 
would not be difficult. 



SAMPLES OF NATURAL GAS TESTED FOB 

HELIUM 

The following list is designed as a complete 
catalogue of all samples of natural gas whose 
helium content had been determined prior to 
December 10, 1918. Samples collected in the 
field but lost through leaky containers or other- 
wise before tests were made are not included. 
The samples are grouped by States, coimties, 
and fields, each in alphabetic order. 

Most of the samples were collected by the 
writer and by members of the Geological Sur- 
vey assisting him during the smnmer of 1918. 
Most of the samples from Wyoming, however, 
were collected during September, 1918, by C. A. 
Fisher, a former member of the Survey, and 
most of those from the Northwestern States 
and from California were collected by A. W. 
Ambrose and E. W. Wagy, of the Bureau of 
Mines, diu'ing August and September. Fairly 
complete data as to the name, location, depth, 
pressure, flow, and producing horizon of all 
wells sampled by Sm^ey members and by 
Fisher, Ambrose, and Wagy are given in the 
tables. In order to make the catalogue as 
complete as possible the tests of a number of 
samples collected by C. F. Ward, of the Bureau 
of Alines, early in 1918, and by Cady and Mc- 
Farland in 1906-7, arealso included, despite the 
fact that all particulars regarding the source 
of many of these samples are not available. 



The name of the collector of each sample is 
indicated by the letter prefixed to the sample 
number, as follows : 

C 1-54, Cady and McFarland, 1906-7 (mostly 
Kansas). 

W, C. F. Ward, 1917-18 (Oklahoma, Texas, 
Louisiana, California, etc.). 

1-100, G. S. Rogers, Jime-September, 1918 
(Kansas, Oklahoma, Texas). 

Ry 1-101, P. V. Roimdy, August-October, 
1918 (Kansas). 

D 1-13, C. E. Dobbin, August-September, 
1918 (Oklahoma). 

F 1-14, C. A. Fisher, September, 1918 
(Wyoming). 

A 1-70, A. W. Ambrose, August-September, 
1918 (Northwestern States and California). 

Ri 1-23, G. B. Richardson, August-Sep- 
tember, 1918 (Ohio). 

Samples C 1-54 were analyzed by Cady and 
McFarland at the University of Kansas; many 
of those marked W were tested by H. P. Cady 
or his assistants: and the remainder were 
tested by C. W. Seibel, of the Biu'eau of Mines, 
at the laboratory of the Fort Worth gas ex- 
periment plant. 

In the tables the figures given for rock pres- 
sure and open flow are those recorded on the 
date the sample was collected unless other- 
wise specified. 
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DaUi on sampIsM of natural goi 



• 


Comity. 


Field. 


WeU. 


Sample Na 


Neme. 


38 


Grant 


Marion 













C26.. 
07.... 
020.. 
33.. 

W 

W 

W 

15 

16 

17 

18 

18 A.. 
Ryl.. 
Ily2.. 
Ry3.. 
Ry4.. 
RyS.. 
By 9.. 
By 11. 
By 12. 
By 13. 
By 16. 
By 18. 
By 19. 
By 20. 
By 21. 
By 22. 
By 23. 
By 24. 
By 25. 
By 26. 
By 27. 
By 28. 
By 29. 
By 30. 
By 31. 
By 32. 
037.. 
W 



20 

21 

19 

22 

By 38. 
By 39. 
By 40. 
By 41. 
By 42. 
By 43. 
By 44. 
By 45. 
By 46. 
By 48. 
By 49. 
By 51. 
By 52. 
By 53. 
By 54. 
By 55. 
By 56. 
By 57. 



Allen. . . . 

do... 

do... 

Anderson. 
Butler... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

do... 

....do... 

do... 

do... 

do... 



Humboldt. 

loU 

Moran 

Gamett. . . 
Eldorado.. 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

Augusta. . 

do-... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

.....do.... 

do.... 

do.... 

do.... 

do.... 



Pipe-line sample, 
do 



Pipe-line sample. . . 
Paulson well 47. .. 

Ohesney well 3 

Oheaney (5 wells) . . 

Wilson w.ell 92 

Stokes well 50 

Lister well 24 

Bobinson well 37. . 

McClure-well 4 

Stokes well 46 

Stokeewell53 

Pierpontwell36. . 
Pierpont well 35. . 
Ohesney well30... 

Wilson well 98 

Bobinson well 39.. 
Bobinson well 27.. 

Howe well 25 

Dickman well 10. . 

Marsh well 25 

Marsh well 28 

Manning well 4 

Enyart well 11 

Anderson well 5. . . 
Anderson well 9 . . . 

do 

Batman well 3 

Batman well 2 

Empire well 3 

Nicnelger well 1. . . 

Gussmah well 1 

KoQgler well 1 

Empire wells 

John Boyer well 11. 
Pine-line sample. . . 



. 



Moyle well 7 

Love well 1 

Wallace well 1 

Pipe-line sample 21 wells. 

E. Vamerwen2 

E. Vamer well 15 

do 

Haskins well 6 

Haskins well 1 

Love well 19 

Skaer well 1 

Starkey well 5 

Moyle well 2 

Miller well3 

Oollins well 1 

Scully well 1 

Penley well 1 

Ounningham well 2 

E. Vamer well 1 

Smith Weill 

Ralston well 1 

Brown well 1 



a Line pressure. 



b Average depth of wells. 



c May, 1018. 



d Shawnee fomiaUon. 
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teUed/or heUum — Continued. 



Wen— Conttmied. 


Producing aand. 


Date sampled. 




Locality. 


Rock pres- 
sure (pounds 
per square 
indi). 


Open flow 

(ft cubic 

feet). 


Age. 


Depth (feet). 


Helium (per 
cent). 


Section. 


Towxnhlp. 


Range. 














Ordovician (Tren- 
ton ?). 




Aug. 25,1906 


0.167 

















2 

21 

21 

8 

33 

32 

31 

14 

33 

33 

33 

33 

21 

8 

31 

31 

5 

36 

6 

6 

5 

12 

8 

7 

8 

8 

8 

17 

17 

17 

17 

17 

8 



(*) 



35 
20 

11 

8 
17 
17 
17 
17 
29 
26 
35 
35 

2 

2 
21 
21 
15 
16 
20 

8 
16 



26 S. 
25 S. 
25 S. 
25 S. 
25 S. 
25 S. 

25 S. 

26 S. 
25 S. 
25 S. 
25 8. 
25 S. 
25 S. 
25 8. 
25 8. 

25 8. 

26 8. 

25 8. 

26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 
26 8. 



27 8. 

28 8. 
28 8. 

(*) 
28 8. 
28 8. 
28 8. 
28 8. 
28 8. 
28 8. 
27 8. 
27 8. 

27 8. 

28 8. 
28 8. 
27 8. 

27 8. 

28 8. 
28 8. 
28 8. 
28 8. 
28 8. 



4 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
5 
5 
4 
5 
5 
5 
5 
5 
5 



E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 



•5E. 
5E. 
5E. 
5E. 
5E. 



4E. 
4E. 
4E. 

(*) 



E. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 

E. 
4E. 
4E. 
4E. 
4E. 
4E. 
4E. 
4E. 



4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
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olOO 

C84 

c Av., 72 

C348 

<^43 
«310 

C82 



<:38 
C37 
C42 
«43 
«270 



C90 

C146 

«170 

C76 

C104 

C122 

C252 

C252 

<^48 

C42 

C50 

C46 

C48 

ce% 

C214 

C50 

«56 

e238 



«450 
C700 



c3,075 
C250 
C600 
<:325 



650 
75± 

^75± 
9350 
9 120 



C275 
<:200 
«225 
«115 
«375 
C650 
C350 
C504 
«375 
«350 
«275 
«105 
C130 
C275 
^35 
C265 
M25 
<'280 
«375 
C265 
C200 
«160 
«210 
C325 
C190 



9400 

9 4,500 

9 205 



9 124 
9 108 
9 250 
9 76 
9 163 
9 241 
9 190 



9294 
9 213 

925 
9 823 

994 
1,700 
9 251 



9 66 
9 163 
9 167 
9 162 

9 58 
9 133 
9 195 

994 



9 115 
9 115 
9 190 
9 190 

^48 
9 167 
9305 
9 167 

994 



Pennsylvanian. 

do 

do 

do 

do.d 

do.« 

do. e 

do ' 

....do.rf 

do.« 

...Ao.d 

do.d 

do.« 

....do./ 

....do./ 

....do./ 

do < 
do.« 

do. « 

do. « 

do. « 

do. « : 

do ^ 

....do. « 

....do./ 

. . . .do. / 

....do./ 

....do./ 

....do./ 

. . . .do. / 

. . . .do. / 

....do./ 

....do./ 

....do./ 

....do./ 

....do 



.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do, 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 



i»600 

895- 920 

1,248 

1, 2ia-l, 236 

1, 270-1, 292 

854- 860 

1, 176-1, 185 

900- 905 
About 900 

1, 093-1, 110 

865- 875 

my- 892 

842- 850 

1, 255-1, 261 

1, 29^1, 302 

894- 901 

1, 273-1, 315 

1,250 

897- 909 

1, 270-1, 280 

1, 136-1, 272 

1, 12^1, 210 

1, 170-1, 190 

901- 912 
91(^ 
900- 
904- 
892- 
887- 
875- 
885- 



918 

905 

914 

898 

899 

887 

892 

840 

864-1, 082 

1, 110-1, 185 

1 440 

About 500 

About 550 

1, 434-1, 442 

1, 455-1, 542 



1, 190-1, 220 
1,611 
1,395 
1,360 
1,420 
1,419 
1,395 
1,520 



1, 428-1, 500 
1,452 
1, 350-1, 442 
1,320 
1, 425-1, 485 
1, 378-1, 418 
1, 367-1, 427 
1, 35^1, 452 
1, 390-1, 473 



July 25 
June 10 
July 13 
Aug. 1 
19lS.... 
1918.... 
1918.... 
July 15 

do.. 

do.. 

do.. 

. .>. . .do. . 

Aug. 19 

do.. 

do.. 

do.. 

Aug. 20 

do.. 

do.. 

do.. 

do.. 

Aug. 27 

. — .do.. 

» * • • • ^A\# m m 

. . ...do.. 

do.. 

. . do.. 

do.. 

do.. 

. . . ..do.. 

do.. 

do.. 

. . . ..do.. 

do.. 

do.. 

do.. 

do.. 

Aug. 4 
1918. . . . 
July 18 

do.. 

do.. 

do.. 

Sept. 2 

do.. 

do.. 

do.. 

> • « • * \X v • • 

do.. 

8ept. 3 

do.. 

do.. 

do.. 

do.. 

Sept. 7 

. .do. . 

do.. 

do.. 

» • « • • XA V • • • 

do. 

do. 



* Douglas or Tensing formation. 



9 206 

/ Shawnee formation. 9 July, 1918. * Chiefly in sees. 2, 3, 10, and 11, T. 28 S 



1906 
1906 
1906 
1906 



1918 



1918 



1918 



1918 



1906 



1918 



1918 



1918 



1918 



0.14 

.18 

.21 

.37 

1.59 

.79 

1.04 

.587 

1.008 

1.162 

1.568 

1.41 

1.36 

.72 

1.42 

1.36 

1.18 

1.70 

1.19 

.75 

.71 

1.22 

.48 

.93 

1.39 

1.26 

1.21 

1.10 

1.13 

1.16 

1.07 

1.11 

.91 

1.24 

1.17 

1.19 

1.20 

.25 

1.94 

2.13 

.414 

.55 

.518 

.16 

.31 

.38 

.21 

.38 

.62 

.55 

.65 

.48 

.42 

.57 

1.03 

1.14 

.42 

.40 

.40 

.44 

.41 



, R. 4 S. 
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Data on wamples of ryUwral gat 



Sample No. 



Ry59. 
Ry60. 
C40... 
Ry35. 
Rv36. 



^. 



25 

Ry 95. . 

26 

Ry 81. . 
Ry82.. 
Ry 87. . 
Ry88.. 
Ry 89. . 
Ry90.. 
Ry 91. . 
Ry 93. . 
Ry94.. 
Ry 96. . 
Ry 97. . 
Ry 98. . 
RylOO. 

89 

102 

28 

93 

92 

91 

Ry 101. 



^. 



94 

95 

86 

87 

88 

97 

C23.., 
C36... 
C17.., 
01..., 
C6... 

W 

77 

78..... 

W 

W 

79 

80.... 

24 

C4... 
Cll.. 
84..... 

85 

C8.... 
C27.. 

81 

82...., 
Ryl5. 
C41.. 
Ryl4. 
Ry34. 
Ry33. 
034.. 

W 

W 

W 

015... 



Courty. 



Butler 

do 

Chase. .. 

do 

do 

Chautauqua. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Coffey 

Cowley 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Douglas 

Elk....*!!!; 

do 

do 

do 

do 

do 

Greenwood. 

do 

do 

do 

do 

Johnson 

Labette 

do 

do 



FMd. 



Augusta 

do , 

Elmdale 

do 

do 

Sedan (R^ers pool). 

do 

do 

Sedan 

Sedan (Rogers pool). 
do 



do. 

....do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

Sedan. 
do. 



do 

do 

do 

do 

do 

do 

Chautauqua. . 

do 

Hale 

do 

Havana 

Monett 

Peru 

Burlington 

Arkansas City. 
Dexter 



do 

do 

do 

do 

Otto 

do 

do 

do 

Winfield.... 

Eudora 

Lawrence... 

Longton 

do 

Moline 

New Albany. 
Oak Valley.. 

do...... 

Beaumont. . . 

Eureka 

do 

Toronto 

Virgil 

Spring Hill.. 



Leavenworth Bonner Springs 



WelL 



Name. 



Feltham well 3. 
Hazlettwell2.. 



O'NeilweUl 

C. M. Breeee well 1 

Pipe line at compressor station. 

do 

do 

Roth Weill 

Holroyd well 5 

Gray well 2 

Hopkins well 2. 



Hopkins well 3 

Hopkins weU 6 

Hopkins well 4 

Long well 2 

F. E. Smith well 2 

Butcher well 1 

Butcher weU 2 

Barr well 1 

Call Weill 

Butcher well 1 

Stevens & Graham well 1... 

Abandoned well 

Fleming & Wadsworth well. 

White & Toews well 

WaUwell 

Brant well 2 

T. Smith Weill 

Gregg well 

Pipe-line sample 

Williams well 1 

Fezguson well 2 

Brand well 1 

Pipe-line sample 

Lunb well 



Pipe-line sample. 



Discovery well. 
GreenweU well. 



Hale well 

Bolton well 

PhilUpsweU 

Standishwell2.. 

Day well 1 

Melick gas well.. 
Pipe-line sample. 

do 

Old weU.. ...... 

Ruddle well 4... 
Ruddle Weill... 
Pipe-line sample. 



Simmons well 2 

Gardner well 5 

G. R. Lewis well 1 

Pipe-line sample 

John Edwards well 

West Virginia Oil d Gas Co. well 1. 

Foster Oil Co. well 2 

Pipe-line sample 

Carroll well 1 

King well 1 

Wilson well 1 



Pipe-line sample. 



o July, 1918. 
& Small. 



c Kansas City formation, 
d .\pproximate. 



< 'Casing-head gas. 
/ Pom sand. 
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taiedfar helium — Continued. 



ITmwii Contimied, 



WeH^-Oontinued. 



LooaHty. 



Section. 



10 
11 



1 
34 



34 
24 
24 
35 
35 
35 
35 
30 
25 
25 
25 
36 
36 
36 
14 
28 
27 
26 
29 
16 
17 
21 
16 
16 
31 
31 



33 



18 
18 
18 
13 
13 
17 
17 
24 
13 



31 
31 



27 
20 
25 



3 

16 
23 



Township. 



28 S. 
28 S. 



20 S. 
19 S. 



33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 

33 S. 

34 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 
33 S. 

33 S. 

35 S. 
35 S. 
32 S. 

32 S. 

34 S. 

33 S. 



Range. 



4E. 
4E. 



Rock pres- 
sure (pounds 
per square 
incn). 



7E. 
7E. 



10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
10 E. 
HE. 
HE. 
HE. 
HE. 
HE. 
HE. 
HE. 
HE. 
HE. 
13 E. 
13 E. 
13 E. 
12 E. 



0133 

«111 

45 

34 

36 



100 
40 
24 
12 
27 
25 
30 
40 
36 
40 
36 
36 
45 
43 

(0 



Open flow 

(M cubic 

feet). 



Producing sand. 



50 

5 

100 

^300 

1 



33 S. 
33 8. 
33 8. 
33 8. 

33 8. 
35 8. 
35 8. 

34 8. 
34 8. 



13 8. 



318. 
318. 



318. 
318. 
27 8. 



7E. 
7E. 
7E. 
6E. 
6E. 
7 E. 
7 E. 
6E. 
6E. 



21 E. 



12 E. 
12 E. 



13 E. 
13 E. 

8E. 



26 8. 
26 8. 
24 8. 



10 E. 
13 E. 
12 E. 



*70 

130 

68 

80 

»37 

35 



355 
110 
110 



10 

10 

420 

495 

250 

15 



A200 



210 

135 

A380 



550 
P210 . 

250 i 
A 85 
10 



70 
TO 184 



TO 190 



fl215 

a94 

1,000 



500 
685 



500 



116 
395 
184 
395 
479 
213 
282 
480 
1,000 



500 

10 

500 



50 



500 
500 
1,000 
500 
i4,000 
250 



Age. 



Pennsylvanian 
do 



5,000 
6,000 
4,000 



5 

5 

2,500 

3,850 

1,500 

10 

1500 



1,360 



30,000 
1,500 
1,600 



10 
1,000 
2,000 



...do... 
...do... 
...do... 
...do... 
...do... 
...do.:. 
...do.c.. 
...do.<J.. 
...do.c.. 
...do.c.. 
...do.c.. 
...do.c.. 
...do.c.. 
...do.c.. 
...do.c.. 

...do.c.. 
...do.c.. 
...do.«.. 

...do 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do... 

...do.... 

...do... 

...do... 

...do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 

....do... 



Depth (feet). 



1,755 
150 
340 
580 



^700 
^754 
rf661 
^575 
^619 
<f606 
<f883 
d712 
d700 
^700 
d700 
d735 
d728 
d870 
/1, 400 

(?) 
375 

400 

700 

900 

896 

700 ± 

<800 

600 

300 

640 

<800 

*550 



750 

310 

310 

700 

'350 

350 

1,475 

1,475 

1,145 

1,150 



<350 

1,200 

758 

514 

n,150 



1,340 

505 

1,120 

<375 

450 

1,415 

500 

<580 



<600 



Date sampled. 



8ept. 7, 1918 

....do 

Oct. 6, 1906 
Aug. 31,1918 

....do 

Apr. —1918 
July 18,1918 
8ept. 25, 1918 
July 18,1918 
Sept. 22,1918 

do 

....do 

• « « •Viv* M * • « • • 4 

• • • aUva «■•«••< 

Sept. 24,1918 

« • • • XA V •••••••4 

. . . .do 

Sept. 25,1918 

• • • «^Av« ••••«•! 

• ■ • s^Aw* •«•«••• 

Sept. 15,1918 
Oct. —1918 
July 18,1918 
Sept. 15,1918 

do 

....do 

Oct. 10, 1918 

1918 

Sept. 16,1918 

Sept. 17,1918 

....do 

Sept. 18,1918 

1906 

Aug. 4, 1906 

1906 

1905 

June 12,1906 

1918 

Aug. 31,1918 

....do 

Mar. 18,1918 
Mar. 4, 1918 
Aug. 31,1918 

do 

July 17,1918 

1906 

July 4, 1906 
Sept. 3, 1918 

do 

June 24, 1906 
July 25,1906 
Sept. 3, 1918 

:...do 

Aug. 29,1918 
Oct. 25,1906 
Aug. 22,1918 
Aug. 30,1918 

....do 

Aug. 2, 1906 

1918 

1918 

1918 

July 8, 1906 



Helium (per 
cent). 



0.47 

.46 

.56 

.35 

.50 

.89 

1.009 

.98 

1.912 

.59 

.99 

.86 

1.14 

1.16 

1.07 

.97 

.93 

1.05 

1.03 

.94 

.98 

.90 

.41 

.72 

1.94 

1.04 

.84 

.80 

.89 

.70 

.21 

.43 

.35 

.36 

.37 

.57 

.19 

.49 

.16 

1.84 

1.64 

.955 

1.83 

1.68 

1.047 

.94 

1.90 

.50 

.38 

.27 

.46 

.55 

.54 

.51 

.49 

.001 

.40 

.86 

1.50 

1.42 

.36 

.65 

.40 

.05 

.06 

.05 

.10 



9 Initial pressure. 
A Line pressure. 



i Average depth of wells 
i Combined flow of about 35 wells. 



ik Salt sand 

I Production of field. 



i» Average rock pressure of wells. 
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HELIUM-BEABING NATTJEAL GAS, 



Imied. 



Data an »ample$ of natural gat 



Sample Na 



C22. 
C18. 
C45, 
C25. 
C12, 
C28. 
C31. 
C9.. 
CIO. 
C16. 



Oounty* 



Monteomery. 

Neo^o 

....do 

....do 

Wilson 

....do 

....do 

....do 

do 



Field. 



Caney 

Coffeyville and Liberty. 

Several fields 

Chanute 

Erie 

Altoona 

Buffalo 

Fredonia 

Neodesha 

do 



WtfL 



Name. 



Caney Gas d Min. Go. 

Pipe-line sample 

do 

do 

do 



Pipe-line sample. 
Pipe-line sample. 



W... 
W... 

C46. 
W... 

w... 
w... 
w... 



Bossier 

Caddo 

Jefferson Davis. 

Ouachita 

do 

Terrebonne 

do 



Bossier 

Cedar Grove. 

Jennings 

Munroe 

do 

Houma 

do 



Reserve Gas Co. well 

Southwestern Gas Co. well 

Oil well 

Smith Weill 

Smith well 2 

McCormick well 2 

H.J. Gidrywell 



C43. 
C44. 



Jackson. 
do.. 



Sheffield. 



Well at 2416 Tracy Avenue, Kansas City. 



Montana. 



A2 
Al 
A 5 



Dawson 
Fallon. 
Hill.... 



Glendive 

Baker 

Havre... 



Sample from four wells. . 
Sample from three wells 
Brewery well 



North Dakota. 




Olrio. 



RilO. 
Rill. 
C24.. 
W.:.. 
RiO.. 
Ril.. 
Ri2.. 
Ri3.. 
Ri4.. 
Ri5.. 
Rifi.. 
Ri7.. 
Ri8.. 
Ri9.. 
Ril5. 
Ril6. 
Ril8. 
Ril9. 
Ri20. 
Ri21. 
Ri22. 
Ri23. 
W 



Hocking 

do 

Richland... 

Vinton 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

do 

do 

do 

do 

do 

....do 

Washington. 



Vinton. 

do., 

Butler. . 
Vinton. 

do.. 

do.. 

do.. 

do.. 

do.. 

do., 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

..\.do.. 
....do.. 
....do.. 
..:.do.. 
....do.. 
Vincent. 



W. A. Williamson well 

Mahlon Paxton well 

F. O. Levering well 

Pipe-line sample 

do 

Ohio Fuel Supply Co. well 1592 
Ohio Fuel Supply Co. well 1737 
Ohio Fuel Supply Co. well 1919 
Ohio Fuel Supply Co. well 2109 
Ohio Fuel Supply Co. well 1634 

Pipe-line sample 

do 

Oil Fuel Supply Co. well 2364.. 
Oil Fuel Supply Co. well 2140 . . 
Oil Fuel Supply Co. well 2281. . 
Ohio Fuel Supply Co. well 1991 . 
Ohio Fuel Supply Co. well 2224. 
Ohio Fuel Supply Co. well 1779. 
Ohio Fuel Supply Co. well 1788. 
Ohio Fuel Supply Co. well 634.. 
Ohio Fuel Supply Co. well 2727. 
Ohio Fuel Supplv Co. well 2062. 
W. H. Bell well.* 



a Average rock pressure of wells. 



fr Average depth of wells. 



e Depth of wells. 



' Average of wells sampled. 



i 
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tisUdfor AeZttinir-Contmued. 



ontinaed. 



W«ll-€oiitiiiiMd. 


Producing aand. 


« 

Date sampled. 




LooaUty. 


Rock pres- 
sure (poonds 
per square 
inch). 


Open flow 

(M cubic 

feet). 


Agiu 


Depth (feet). 


Helium (per 
cent). 


Sccdoo. 


TowMliip. 


Range. 






35 S. 


13 E. 


620 




Pennsylvaoian. . . 
do 


1,550 


July 14,1906 
1906 


0.08 






.08 
















Dec. 12,1906 
July 24,1906 
July 3,1906 
July 25,1906 
July 28,1906 
1906 


.17 








200 
O150 






6 850 
M50 


.24 












.13 










do 


.26 


7 


27 8. 


16 £. 






do 




.27 


300-480 




do 


cl, 085-1, 250 


.62 












June 27,1906 
1906 


.10 
















.27 
















• 















Looifliaiia. 














350 


Large. 


Cretaceous 

do 


800- 900 


1918 


.028 








1918 


.046 








1 




Tertiary 




Feb. , 1907 
1918 


Trace. 










Cretaceous 




.053 












do 




1918 


.076 












Tertiary 




1918 


Trace. 












do 




1918 


Trace. 





















MIeMMirl. 



40 



0.5 
1.6 



Peuusylvaiiian. 
do 



300 
Shallow. 



1906. 
1906 



.013 
.041 













Montana. 














d\2 
^65 
475 


<250 

«1,500 

50 


Cretaceous 

do 


768-800 

835-890 

1,200 


Aug. 13,1918 
Aug. 12,1918 
Aug. 16,1918 


.05 








.005 










.27 













North Dahola. 



35 



Cretaceous. 



357 



Aug. 15,1918 



.17 



OUo. 





UN. 
UN. 


19 W. 
19 W. 


/510 

/675 

1,200 


1^230 
^3,120 


Silurian'^ 




Aug. —,1918 

do 

July 19,1906 
1918 


.32 


■ 


.... .do.'*, a. .....•• 

do-^. ......... 




.30 


1 • • « • . 

1 


.15 


1 










.491 


3 
34 
28 
23 

6 
18 
15 
22 

3 
34 

1 

10 
19 
16 
26 

1 

3 
33 


9N. 
ION. 
ION. 
ION. 
UN. 

9N. 

9N. 

9N. 

8N. 

9N. 

9N. 

9N. 

9N. 

9N. 

9N. 

8N. 

8N. 

9N. 


18 W. 
18 W. 
18 W. 
18 W. 

17 W. 

18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 
18 W. 










Aug. 12,1918 
.... .do. ....... 


.28 










.34 


/605 
/530 
/820 
/900 


^2,400 
^1,300 
^2,059 
^4,250 


Silurian.^ 


2,296 
2,430 
2,560 
2,072 


do 

do 

do 

do 

Aug. 13,1918 
do. ....... 


.36 


do.^ 

do.A 

do.^ 

do.^. ......*•• 


.39 
.38 
.39 

.38 






do.ft 




.27 


/135 
/860 
/875 
/790 
/550 
/810 
/840 
/240 
/675 
/825 


17160 
9 8,853 
95,000 

9 213 
g 9, 510 

9 421 

9 519 


Mississippian <. . . . 
Silurian^ 


849 
2,346 
2,653 
2,498 
2,155 
2,366 
2,478 

660 
2,438 
2,321 


do 

do 

Sept. —,1918 
do 

— ^.do 

do 

do 

do 

do 

1918 


.39 
.48 
.44 
.43 


• • • • •CIO.'*. »•••••««• 

......do.* 

MisEdseippian ^ 

Silurian ^ 


.44 
.20 
.40 
.40 


9 421 
94,300 


.38 


do 


.34 




.17 





















• Combined flow of we Us sampled. / Initial pressure. g Initial open flow. h Clinton sand. 



i Probably Berea sand. 
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HELIUM-BEABING NATURAL GAS. 



DoUl on samples of natural gai 



Sample No. 



W... 

11... 

12... 

W... 

W... 

W... 

C32. 

D6.. 

D7.. 

D8. 

D9.. 

DIO 

Dll 

D12 

D13 

Dl. 

D5. 

99... 

100.. 

36... 



W.., 
29... 
30... 
31... 
W.., 
W... 
W... 
W... 
W... 
W... 
W... 
W... 
32... 
33... 
34... 
35... 
W... 
W... 
W... 
W... 
W... 
W... 
14... 
W... 
W... 
W... 
W... 
014. 



County. 



Caddo. 
Carter. 

do. 

Cotton, 

do. 

Creek. 
Kay... 
do. 



do. 

do. 

do. 

.....do. 

do. 

do. 

do. 

Noble - 

do, 

Osage. 
.....do. 
do. 



do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Pawnee 

do 

....do 

....do 

Payne 

....do 

Pontotoc 

Stephens. . . 

....do 

....do 

....do 

Washington. 



Field. 



Cement 

Fox 

do 

Keyes 

do 

Bristow 

Blackwell . 

do 

do 

do 

do 

do 

do 

Ponca City 

do 

Billings 

do 

Osage City. 

do 

Pawhuska. . 



Myers. . 
.....do.. 

do.. 

do.. 

Pearson. 
do.. 



do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Morrison... 

do 

do 

do 

Ingalls 

do 

Ada 

Duncan 

Loco 

....do 

....do 

Bartlesville. 



WelL 



Name. 



Gregory well 1 

Mattie Morris well 2 

Luanda well 1 

J. C. Keyes well 1 

Pipe-line sample 

SMeldsweUl 

Union Gas & Oil Co. well 2 

Hennessey wdl 1 

Ira Shutz well 2 

Ira Shutz well 5 

Hobaugh well 2 

Dilworth well 1 

Kay & Kiowa Oil Co. well 

J. D. Buntt Weill 

Margaret Primaux well 7 

E. N. GUlespie well 1 

IvaB. Read Weill 

Braden & Moore well 1 

Braden & Moore well 8 

Indian Territory Illuminating Oil Co. well 
208. 



American 
American 
Pipc^line 
American 
American 
American 
American 
American 



Pipe Line Co. well 18. 
Pipe Line Co. well 7.. 

sample (5 wells) 

Pipe Line Co. well 4. . 
Pipe Line Co. well 2. . 
Pipe Line Co. well 3. . 
Pipe Line Co. well 1.. 
Pipe Line Co. well 2. . 



Pipe-line sample, all wells 

do 

American Pipe Line Co. well 29. 
American Pipe Line Co. well 28. 
American Pipe Line Co. well 53. 

Pipe-line sample^ all wells 

Fortuna well 1 

G. L. Miller well 1 

D. Miller well 

Saunders well 17 

Chevalier well 

do 

Pipe-line sample 

Washita Gas & Fuel Co. well.... 

Allen & Gilbert well 3 

Allen & Gilbert well 2 

Mullen & Robinson well 1 



Soath Dakota. 



C54. 



Hughes. 



Pierre. 



a Initial rock pressure. 



b Bruner sand. 



c Initial open flow. 



4 Casing-head gas. 



« Average depth of weDs. 



SAMPLES OF NATURAL GAS TESTED FOR HELIUM. 
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tested for hdium — Continued. 



Well— Ck>ntinued. 


Producing sand. 


Date sampled. 


• 


Locality. 


Rock pres- 
sure (pounds 
per square 
indi). 


Open flow 

(H cubic 

feet). 


Age. 


Depth (feet). 


Helium (per 
cent). 


Section. 


Township. 


Range. 




31 
28 
29 
23 


6N. 
2S. 
2S. 
IS. 
IS. 
15 N. 


9W. 
3W. 
3W. 

low. 
low. 

9E. 




35,000 

40,000 

30,000 

9,500 


Pennsylvanian 

do..'. 

do 


2,340 
1,950 
1,450 
2,178 


Sept. —,1918 
June 30,1918 

do 

1918 


0.089 


540 

280 

O900 


Trace. 
.06 


do 


.097 




do 


1918 


.06 


30 


310 

185 

125 

550 

280 

500 

150 

170 

14 

21 

85 

60 

{^) 


744 
1,000 

280 
7,250 
4,600 
9,000 

800 
1,000 

450 

500 
MO, 000 

250 


do. ft 

Permian 

do 


965 

640 

700 

2,186 

1,370 

1,868 

930 

787 

610 

440 

1,052 

574 

600 

600 

1,988 


Mar. 22,1918 

July 31,1906 

Aug. 30,1918 

do 

do 

Aug. 29,1918 

do 

do 

Sept. 2, 1918 
do 

Aug. 28,1918 
do 

Sept. 1, 1918 
do 

July 18,1918 

1918 


.15 
.16 


30 
31 
31 
30 

5 
13 
18 

4 
21 
29 
12 
12 
36 

12 
12 
12 


29 N. 
29 N. 
29 N. 
29 N. 
28 N. 
28 N. 
25 N. 

25 N. 

23 N. 

24 N. 
21 N. 
21 N. 

26 N. 

26 N. 
26 N. 
26 N. 


IE. 
IE. 
IE. 
1 E. 
IE. 
1 W. 
2E. 
2E. 
2W. 
1 W. 
8E. 
8E. 
9E. 

8E. 
8E. 
8E. 


.20 


Pennsylvanian 

do 


.17 
.14 


do 


.22 


Pennsylvanian? . . 
Permian 


.17 
.27 


Pennsylvanian 

do 


.37 
.36 


do 


.39 


PfirmiftTi . . . , 


.10 


Pennsylvanian 

do 


.003 




.15 




do 


.06 






do 


.43 


50 
340 


1,000 
1,250 


do 


549 

1,122 

« 1,100 


July 18,1918 
do 

Feb. —,1918 
Feb. 9, 1918 
Feb. —,1918 


.35 


do 


.27 


do 


.37 




, 








do 


.71 












do 




.65 












do 




.62 












do 




.58 












do 




Feb. 14,1918 

Feb. —,1918 

do 


.62 












do 


1,200 


.48 












do 


.53 












do 




do 


.55 


20 
19 
22 


27 N. 
27 N. 
27 N. 


8E. 
8E. 
8E. 


100 

98 

500 


1,000 
1,020 
2,000 


do 


918 

790 

1,442 


July 18,1918 

do 

do 

do 


.23 


do 


.54 


do 


.33 


do 


.48 




23 N. 
23 N. 
23 N. 

23 N. 
19 N. 
19 N. 

24 N. 
IN. 
3S. 
3S. 
3S. 


3E. 
3E. 
3E. 
3E. 
4E. 
4E. 
6E. 
6W. 
5W. 
5 W. 
5W. 






do 




1918 


.24 






c 40, 000 


do 


2,040 




.22 






do 




.27 








do 






.22 


27 

27 






do 




Nov. 14,1917 
Jan. 24, 1918 
June 30,1918 
1918 


.35 






do 


(/) 
« 1,100 

850 


.05 


9440 


MOO, 000 


do 


.05 


12 


Permian 


Trace. 






do 


1918 


.18 








do 




1918 


.17 








do 




f918 


.16 








Pennsylvanian 




July 8, 1906 


Present. 



















Soadi Dakota, 



/Bdov 1,800 feet. 



Cretaceous, 



Q Initial average rock pressure of field. 



1906 



k Capacity of field. 



Trace. 
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Data on tample$ of natural got 



Sample No. 



71. 
C. 
C. 



1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
W. 
68. 
46. 
W. 
47. 

48. 

49. 
50. 

54. 

55. 
56. 
57. 
60. 
38. 

40. 

41. 
42. 
72. 

61. 
62. 
65. 
66. 
67. 

43. 

39. 

73. 

W, 
W. 
W. 
W. 
W. 



County. 



Brown 
do. 

Clay... 
do. 



do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do 

do.... 

do 

do 

Coleman. . 

do.... 

Eastland... 
Limestone. 
Palo Pinto. 



do. 

do. 
do. 

do. 

do. 
.do. 
.do. 
do. 
do. 

do. 

do. 
.do. 
.do. 



Shackelford. 

do 

do 

do 

do 

Stephens... 
do 



.do. 
.do. 



do Breckeniidge 



Field. 



Bangs. . 

do.. 

Petrolia 
do.. 



do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Tiickham 

Coleman 

Ranker 

Mexia-Groeabeck . 
Mineral Welk — 



.do. 

.do. 
.do. 

do. 



do. 

do. 

do. 

do. 

Strawn 

do. 



.do. 
.do. 
do. 



Moran. 

do. 

do. 

do. 

do. 

Strawn. 
Caddo. 



La Casa. 
do.. 



Throckmorton 

do 

Zapata. . . . 
Williamson 



Matthewd. 

do... 

Jcunings. 
Thrall... 



WeU. 



Name. 



Fuller well 

McGee well 

Pipe-line sample 

do 

Pipe-line sample ^ 

Miller well 4 

Smith & Weber well 1 

Holloway well 7 

Landnim well 2 

HoltweUl 

Byers well 5 

Stive Oil d Gas Co. well 1 

H. D. Stive well 

Skellywell 

Martin well 5 

Robinson well 2 

Wood & Wooley well 1 

Brashear well 1 

4 samples from different wells. 
G. W. Dye Weill 

HoltweUl 



Frank Com well 1. 
Jacques well 1 



J. E. Hess well 2. 



D. A. Hess Weill.. 
J. E. Hess Weill.. 
Edmundson well 1. 

GUI well! 

Pierce weU2.. 



Robinson weU 2. 



Unkhart weU 271. 
Pipe-line sample. 
Stewart well 75... 



Formby-Tarrant well 1 

Pipe-line sample (all wells) 

Edwfl^s weU 1 

Cottle weUl 

Pipe line, 11 wells 

See Palo rinto County 

Coody well 1 



Rainey weU 1 
Adams weU 1 . 



Smith weUl 

Texas Co. well 4 . 
Texas Co. well». 



Magnolia Oil Co. 



Waahfaigton. 




« Strawn fonnation. 

fr Cisco fonnation. 

e Analysis by Moore and Yanoey, Bureau of Mines Experiment Station, Golden, Colo. 

dJune 1,1918. *-- . . 

< January 1, 1918. 

/ Initial open flow. 

g Lower part of Canyon fonnation or upper part of Strawn formation. 

h Contact between Marble Falls limestone and Smitbwidc shale. 
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tutedfoT helium— OonMnxieA, 



WeD— CoDtlnaed. 



Ixxiality. 



Near Bangs 

7 miles south of Bangs. 



Sec. 59, school hmd 

Sec. 37, school land 

Sec. 29, school land 

Sec. 5, school land 

Sec. 15, school land 

Sec. 14, ByeiB Bros, survey . 

Sec. 1, school land 

Sec. 34, school land 

Sec. 36, school land 

2 miles west of Petrolia 



7 miles southwest of Coleman 
5 miles south of Ranger 



Rockims- 

sureCpocmds 

per square 

inch). 



430 



<il20 
^90 
^75 
«i25 
<«25 

dl85 

<f80 

650 



1 mile southeast of Graford. . 
11 miles north of Palo Pinto. 

4 miles east of Palo Pinto. . . 
1) miles south of Mineral 

WeUs. 
b\ miles south of Mineral 
Wells. 

6 miles south of Mineral Wells 
do 

7 miles south of Mineral Wells 

5 miles south of Mineral Wells 
Sec. 82, block 4, Texas & Pa- 
cific Goal Co. 's survey. 

Sec. 78, block 4, Texas i Pa- 
cific Coal Co. 's survey. 

2 miles west of Strawn 

Thurber, Erath County 

Sec. 95, block 4, Texas & Pa- 
cific Coal Co.'s survey. 



Open flow 

(H cubic 

feet). 



«192 



<3,157 

«67 

«676 

« 852. 48 

« 962. 88 

«1, 989. 12 

/6,000 



25,000 
/6,000 



500 
110 



10,000 

11,000 
2,000 



Producing sand. 



Age. 



Pennsylvanian <^. 

do 

Pennsylvanian ^. 
do 



Pennsylvanian <>.. 

....do.6 

do.6 

do.6 :. 

do.b 

do b 

I • • • • VA^^ • ••«••«<■•»« 
> • • • •V&Wb •*•«*•••• ■ 

» • • B • ^A^^ • ••«•*■•■•• 

do.^ 

do.^ 

tdo.* 

Upper Cretaceous » 
Pennsylvanian o . . 



3,000 
4,000 



do.a. 

do.o. 
.do.o. 

do.o. 

.do;o. 
.do.a. 
.do.o. 
.do.o. 
.do.a. 

.do.. 



.do.o. 
.do.o. 
.do.o. 

.do.o. 
.do.o. 
.do.a, 
.do.a. 
.do.a. 



Depth (feet). 



1,190 
1,500± 



1, 54a-l, 599 
1, 576-1, 583 
1, 704-1, 718 

1,761 
1, 564-1, 571 
1, 56a-l, 621 
1, 694-1, 731 

1,810 
1, 602-1, 620 
1, 671-1, 683 



3,035 

"2,'95i" 

1,270 

2.200 
1,004 

1,052 

1,045 
1,035 
1,150 
997 
1,830 

1,508 

675 
600-900 
l,000i: 

2,930 

t2,000 

2,000 

2,700 

*2,000 



Date sampled. 



Helium (per 
cent). 



July 27,1918 

1918 

Dec. 11,1917 
June 13,1917 
Oct. 30,1917 
June 28,1918 
...do 



do. 
do. 
do. 
do, 
do. 
do. 
.do. 
.do. 



1918 

July 27,1918 
July 25,1918 

1918 

July 16,1918 

do 



.do. 
do. 



{ 



July 17,1918 

.....do 

do 

July 18,1918 
Jan. — , 1918 
July 19,1918 

do , 



....do 

do 

Jan. — , 1918 

do 

do 

July 24,1918 

do 

do 



i).35 

.38 
.985 
.88 
..966 
.71 
1.15 
.65 
.76 
.96 
1.00 
.88 
1.11 
.88 
1.18 
None. 
0.22 
.08 
Trace. 
iO.2 
.3 
i5.0 
i3.0 
i3.0 

i3.0 

n.o 

i2.0 
i3.0 
.17 
.18 

.32 

no.o 

.19 
.17 

.31 
.38 
.39 
.41 
.27 



Sec. 41, block 4, Texas & Pa- 
cific Coal Co.'s survey. 

Sec. 45, block 6, Texas & Pa- 
cific Coal Co.'s survey. 

Sec. 65, block 6, Texas i Pa- 
cific Coal Co. 's survey. 

5 miles south of Breckenridge 

Lambshead ranch 

do 

Jennings ranch 



200 
300 



35,000 

Large. 

16,000 
400 



10,000 



Pennsylvanian. 

do.a 

do <^ 

do.o 

do. I 

do 

Tertiary « 

Cretaceous 0. . 



3,298 

1,985 

2,134 

2,230 
1,050 
1,050 
1,250 



July 21,1918 
do 



June —,1918 

1918 

1918 

1918 

1918 



.07 

Trace. 

Trace. 

.44 
.22 
.73 
.006 
None. 



Waddngtan. 



4,500 



Tertia^^' P. 



730 



Aug. 19,1918 



0.06 



i Nacatoch sand member of Navarro formation. 

/ Nitrogen. 

* Averaee depth of wells. 

i Possibly Cisco formation. 

«• Numbo' of well doubtful. 

« Yegua formation, Eocene. 

o Gas and oil derived from a body of senMtntine in Cretaceous strata, at horizon of lower part of Taylor marl. 

p Gas from sand beneath Tertiary laya flow. 
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HELIUM-BEARING NATURAL GAS. 



Data on 9ample$ of natural gas 





County. 


Field. 


Well. 


Sample No. 


Name. 


C39 


Mononsahela 




Bowlbv well 1 











Wyoming. 



F5. 

F6. 

F13. 

F14, 

FU. 

F9. 

FIO. 

W... 

W... 

Fl. 

F2.. 

F3. 

F7. 

F8. 

F12. 

F4. 



Big Ilom... 

.....do 

Carbon 

do 

Freemont... 
Hot Springs. 

do 

Natrona 

do 

do 

do 

do 

Park 

do 

Sweetwater. 
Washakie. . . 



Lamb dome 

Brvon 

Allen Lake 

do 

Big Sand Draw. 
Buffalo Baran.. 

Grass Creek 

Emigrant Gap. . 

Salt Creek...*.! 
Powder River. . 
Pine Mountain. 
Oregon Basin... 

do 

Dry Lake 

Hidden Dome.. 



Pipe-line sample, five wells 

Pipe-line sample, three wells 

Cosden Oil C^. well 1 

do 

Producers & Refiners' Co. well 1 . . . 

McFarlane well 

Pipe-line sample 

New York Oil Co. weU 1 

Ciu-tis Oil Co. Weill 

Pipe-line sample 

Ohio Oil Co. , two wells. .' 

Pine Mountain Dome Oil Co. well 1 

Well5 

MacMahon well 

John Hay well 1 

Tensleep well 2 



o Probably from Big Injun sand, 
b Capacity of field. 



e Frontier formation, Colorado group, 
d Average depth of wells. 



« Cloverly formation, Lower Cretaceous. 
/ Casing-nead gas. 
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tested for helium — Continued. 



We^ VIrgliiia. 



Well— Coatliiaed. 


Producing sand. 


Date sampled. 




Locality. 


Rockpres- 

sore(poanda 

per square 

incn). 


Open flow 

(M cubic 

feet). 


Age. 


Deplh (feet) 


Helium (per 
cent). 


Section. 


Township. 


Range. 




10 miles west of Mon?Anto\vn. 


160 




MiRfdflsippian « 


1,800 


Aug. 18,1906 


0.09 






-o— 







Wyondag. 



34 
34 
10 
12 



36 
5 
32 
20 
31 



23 N. 
23 N. 
32 N. 
47 X. 



34 N. 
51 N. 
51 N. 
18 N. 
48 N. 



79 W. 

79 W. 

95 W. 

100 W. 



83 W. 
100 W. 
100 W. 
103 W. 

90 W. 



62 i»19, 000 
350 «>100,000 



1,250 
400 

(/) 



(/) 



300 
200 
675 
400 
40 
725 



8,000 

&100,000 

3,000 



«>12,000 

2,250 

1,000 

16,000 

3,000 

2.5 
4,000 



Cretaceous «. . . 

do.« 

do 

do 

do.c 

• • • • a 'g\/» •••••■ • < 

do.« 

do 

do 

do.^ 

do.^ 

Carboniferous *. 

Cretaceous i. . . 

do.« 

do * 

• « • • • \X V • •••»••* 



<i500 

1, 550-1, 840 

1,357 

947 

2,412 

1,700 

d 700-1, 200 



rf 1,000-2, 250 
800, 1,267 
1,668 
1,345 
1,300 
2,390 
1,045 



Sept. 10,1918 

do 

Sept. 16,1918 

do 

do 

Sept. 12,1918 
do 



Sept. 5, 1918 
Sept. 7, 1918 

do 

Sept. 12,1918 

do 

Sept 16,1918 
Sept. 9, 1918 



Trace. 
Trace. 
None. 
None. 
Trace. 
0.07 
Trace. 
Trace. 
Trace. 
None. 
Trace. 
<0.26± 
Trace. 
0.09 
Trace. 
Trace. 



§ Wall Creek sandstone member of Frontier formation, Colorado group. 

k Tensleep sandstone or Embar formation. 

i Sample lost during analysis, but helium content closely estimated. 



i Qrevboll sand. Lower Cretaceous. 

* Dakota (7) formation, Lower Cretaceous. 

I Colorado group (Frontier (T) formation). 
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Cost of producing helium 7-8 

Cretaceou s formations, helium in gases of. 27, 32, 33, 34 

Cuile, Mme., discovery of radium by 11 

Csaktf, Emerich, Inveatigation by Sa-M 



D. 

Page. 

Decay, rate of, In the radio-elements 46 

Denman, Arthur, acknowledgment to 8 

Depth, rdation of helium content to 23-24,27,31 

Derivation of helium from radium 12-13 
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H. 

Havre, Mont., helitun content of gas from tf2,102-103 
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I. 
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Kayser, H., discoveries by 10 

Krypton, discovery and proi)erties of 15 
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O. 
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Oklahoma, area of heUum-bearmg gas In IS 

minor gas fields in 84-85 

northern, map of gas fields m 18 

production of natural gas in : S 

southon, map of oil and gas fields in 24 

tests of gases from 104-105 

Oklahoma Natural Gas Co., acknowledgment to S 

Ordovician formations in the Mid-Continent field 2) 

Origm of heliiun 35 

Osage County, Okla., fieldsin 81-« 

resources of helium in 91-92 

Otto, Kans., gas wells near, tests of gas from 77,100 

P. 

Pacific Coast region, helium content of gases in 32-33, 91 

Pearsonfleld, Okla., description of SI 

resources of hehum In 91-92 

tests of gas from 1O4-105 

Pechelbronn, Alsace, helium content of gas near 33-34 

volume of gas near 92 

Pennsylvanian formations, helium-rich pases in 23, 27-28 

occurrence of , in the Mid-Continent field 19-20 

Permian formations, helium-bearing gases in 23,27-2S 

occurrence of, in the Mid-Continent field 19 

Petrdlafleld, Tex., composltianofgasin S6-S7 

duration of suppl y In 87-89 

1 ocation and geology of 85-86 

production from 7, 87 

tests of gas f^om 106-107 

Petroleum, analyses of 38 

radioactivity of 58* 

Pine Mountain, Wyo.,helliui content of gas from 32 

Pitchblende, composition of gases extracted from 43 

Ponca City field, Okla., description of 84 

tests of gas fi-om ^ 104-106 

Potassium, radioactivity of. 14 

Potassium salts, helium content of 45 

Pre-Cambrian granite, depth to, in the Mid-Continent field 20-23 

Pre-Carboniferous formations in the Mid-Continent field 20-23 

Primordial helium, probability of 66^,68 

Production of helium, natural, estimates of 59-eO 

natural, rate of W 

See also Extraction of helium. 
Properties of helium 6,10-11 

R. 

Radioactivity, measurement of 53-o4 

of mineral waters 57-^ 

of natural gas 58 

ofpetrdeum 58 

of sea water 59 

of the atmosphere 58-59 

phenomena and theory of 1 l-H 

presence o( helium inferred fkt>m 53,61 

relation of, to content of helium 45^47,48^ 

Radio^ements, derivation of helium from 62-66^68 

distribution of 54-59 

Radiolarian ooze, radium content of. 65 

Radium, content of, in rocks 54-56 

content of , in sea water 59 

derivation of, from uranium 12-13 

derivation of hehum ftom. 12-13 

discovery of H 

Ramsay, J. B., workof 42 

Ramsay, WOliam, discoveries by 9-10,15 

Ranger field, Tex., gas in 90^106-107 

Resources of helium in the United States 91-«2 

outside of the United States. 93^ 

Richardson, George B., cited 31 

workof 8,95 

Rocks, helium content of. 45-4^61 

radium ccmtent of 5lro6.61 

thorium content of 56-57 

uranium content of 57 

Rocky Mountain region, helium content of gases in 32-33»91 

Rogers gas pod, Kans., description of 77-T9 

Roundy, P. v., work of 8,95 

Roxana Petroleum Co., acknowledgment to 9 

Rubidium, radioactivity of 1* 

Russia, possibilities of helium in 93 
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Santa Maria field, Calif., hellam-bearing gas from 33 

Scope of the investigation 5 

Sedan district, Kans., description of. T7-«l 

tests of gas fk-om 100-101 

Belbel^C. W., acknowledgment to 8 

description by, of method of determining helium 41-42 

tests made by 8y96 

Sespe formation, helium-bearing gas from 33 

Soils, radioactivity of 64 

Sources of helium... 13-13, 61-e8 

South Dakota, test of gas from 104-105 

Sphene, helium content of. 45 

Springs, mineral, helium in gases f^om 48-61,61,93 

mineral, radioactivity of waters of. 57-68 

rare gases in : 16-17 

hot, helium in gases from 61 

Stars, helium in 53,61 

radio-elements absent fhmi 53,61 

Stassfiirt salts, helium content of 45 

Stine Oil & Oas Co., log of wen of 86 

Stratigraphic distribatiom of helium in the north Texas region. . . 27-28 

of helium-rich gases 23 

See aUo Qeology. 

Strewn field, Tex., gas in 90,106^107 

Strawn formation, helium content of gases in 28 

Stnitt, R. J.; researches by 43-46,54 

Summary of occurrences of helium 61 

Sun, helium in 53 

T. 

Tertiary formations, helium content of gases from 32,33 

Tests of gases for helium, catalogue of 95-100 

Texas, northern, distribution of helium in 27-28 

northern, gas fields in 85-90 

gas fields in, map showing 34 

geology of 24-27 

location of. 24 

tests of gases fhxm 106-107 

10136^— 21- 
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Texas Co., acknowledgment to 9 

Thorianite, helium content of 45 

Thorium, absence of , from the stars 53 

association of helium with 44-45 

content of, in rocks 56-67 

disint^ration of. 13 

Trickham field, Tex . , gas in 90, 1 06-107 

U. 

Uranium, absence of, from the stars 53 

association of helium with 44-45 

derivation of lead from 12-13 

derivation of radium from 13-13 

Use of helium in balloons 5-4 

V. 

Van Orstrand, C. E., work of. 8 

Vesuvius, rare gases in emanations from 16-17 

Vinton County field, Ohio,gasin 90-91 

gas in, tests of. 102-103 

helium resources in 91, 92 

Volcanic gases, content of helium in 61-52;61 

W. 

Wagy, E. W., workof 8»95 

Ward, C. F., work of. 8,95 

Washington , test of gas from 106-107 

West Virginia, test of gas from 108-109 

White, David, acknowledgment to 8 

Wichita Mountains, Okla., stratigraphy of 25 

Wilbarger County, Tex., exhausted wells in 89 

"Wind "gas, inert constituents of. 24,37 

yf yoming, tests of gases from 108-109 

X. 

Xenon, discovery and properties of. 15 

Z. 
Zircon, helium oaatentoL 45 
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